Notes on discussion with Tim, April, 1991 


1) I argued that founders of QM must have presupposed Iti 
for particles because they used labels, and that is the only 
way the labels can be understood jn QM. Tim points out: In 
classical phsyics ons can introduce the labels on the 
strength of trajectories, not needing Iti. The founders 
would have been used to using labels from this background 
and so would have unreflectively made use of them, dt mot 
having yet dawned on them that their base, the trajectories, 
are not available in QM. 


2)How praesent the idea of Iti as not parasidic on any real 
propertias? 

a) Without labels: Suppose we have 2 things, which 
agres jin all their PROPERTIES. But how then are there 2? 
They must still differ. 

b>) Relevance of labels: For it to ba intelligible toe 
think of two things as labeled there must be some assymetry 
batwean the two. If the two things do not differ in some 
qualitative property, then it's the residue which counts as 
the thisness. 

co) Get Iti by stripping or abstraction. Pare awy all 
qualitative properties. What is left is Iti and can be 
"combined" freely with propertlies like those stripped. 


[8y ‘qualitative properties M means properties and relations 
distinct from properties like =a. ] 


3) Tim maintains that rejecting LII doss not commit one to 
Iti. Think about Black's two spheres which agree in all 
qualitative proparties. In particular there are twa 
trajectories. "T can maintain that 8's two sphere's are two 
but deny that axchangs of them through all time would result 
in a distinet situation." 


4) Tim complained that while Ttphs has surplus structure, 
fock space has an unmotivated choice of commutation 


relations. He clarifies now by saying that the two are on a 
par with raspect to the problem of motivating the 
theoretical structure. I should acknowledge this ~ when one 


erects a structure, parts may have only the weakest 
motivation of baing part of an ampirically adequate 
structure. The point about SURPLUS structure jis an 
additianal methodlegical problem, and should be clearly 
distincuished from the issue of motivation of such structure 
as there is. 


5) Tim claims that the Black's spheres can agree in all 
qualitative Cincludes relational) properties, but have two 
trajectories. It then, he says, makes sense to think of 
them as switched in trajectoriss, but without thereby 
talking about a different possible case ~ it's still the 


same possible case. Thus LII is, in this model, false, with 
no LTI (the LTI would make the possible cases different 
after switching.) 


6) Is position a parameter or an operator? 

Tim says; When he learned QM, he learn position as an 
operator, one for each degree of freadome. Thus in a two 
particle system thare are 6 position operators. Since 
position is indefinite in QM, the degress of freedom get 
associated with an opertor rather than a determinable. 
Initially he could not get ahold of the structure of OFTH 
because he kept looking for the position operator degrees of 
freedom. Then he realized that in QFTh, the degrees of 
freedom are the field values. Again, since these are 
indefinite in value, they get associated with an operator. 
There is ons for each degree of freedom, and these degrees 
of freedom are parameterized by a spatial variable (or a é=t 
variable). Hence the truth of "In OM position is an 
operator, in QFTh it is 4 parameter" 

In this way Tim seems QFTh as a generalization of 
classical field theory in exactly the way that OM is a 
generalization of classical mechanics. In both cases, 
identify the degrees of freedom, and than associate an 
operator with each Cand a second with the conjugate 
variable) 


[Note that here I have a way to extend chapter 4's treatment 
of operators and their comparison with determinables. 
Determinables aré appropriate for gquantityes which have 
exact values and ars freely combinable. Faiure of these two 
conditions calls for replacing determinables with operators 
€or the physical correlate theroff). I need to investigate 
the way in which swapping determinables for operators is the 
appropriate response to vagueness + failure of free 
combtnability, and the connection between these two] 


I had a related (though distinct) difficulty. I saw 
that something got associated with the positions in QFTh. 
Gut sines it is supposed to be a field theory I jumpted to 
the conclusion that it is values thus associated, a mistake 
encouraged by the locution "“opsrator valued field" This is 
to get the analogy with classical field theory wrong. The 
point ts that ths analogy is not exact. One must get the 
DISanalogy right, and the right disanalogy is exactly the 
the same as the disanalogy between classical mechanics and 


QM. 


7) Reference on discussions of heiccsitiss: 
Armstrong, Combinatorial theory of possibility. A 
strong and week notion of hecceity, only of of which 
bear logically on PII. ~ Sas chapter 4 


Lewis, in Plurality of worlds ~ a section against 
heccities. 


8) In arguing the relation of hecities and superposition: jn 
individuating two particles, I say that ths number-labeals 
create puzzles about superposition. Tim comments that the 
labels can't be simply dropped cold ~ in say, treatment of 
the singlet state im fock space, one will have to replace 
the number lables with individuating properties, like right 
and left. 


9) More on heccities: Heceeities do many jobs which need to 
be separated and sorted out. Tim comments that his notion 
of heccities is one concerning that which can be freely 
combined with properties. He takes this to be a stonger 
netion than mine, which has to do with labeling. In 
addition Tim identifies three different ways in which one 
can think of heceities: 

1) A principle having to do with reassigning properties 

to os fhe 

2) A principle having to do with reidentifieation in 

possible worlds. 

3) A principle having to do with counting. 
Tim also comments that meaauring Cin my sense) won't support 
diachronic individuation. When we have TWO trajectories, 


2 
tm me 


with refidentification of parts of ths trajectories, we have 
something stronger than "two" without such reidentiffeation. 


10) Tim found my "two kinds of space" unclear. He 
recommends instead talking about what 7t ts for a particle 
to have a position. This may be more complicated than 


trivial assignment of a value of the s-t parameter. 


11) Is the peverse reading really pervers? Tim comments that 
for tangent vectors in a tangent space there is only 
comparison given a connection, and then only along a curve. 
So we really do assign different quantities to each of the 
St points. More ganerally, whenever there is a gauge 
freedom, since the gauage can be set locally, we again have 
a different quantity at each point. Remember that we can 
set the gauge locally and compensate with the gauge field. 
He agrees that for sealar fields the "“peverse" reading jis 
peverse. Sut what all this shows is that this issue already 
comes up in classical theory ~ it's not new with the issue 
of the quantum field. This at least needs , first of all, 
to bea acknowledged. Then, it compromises the arguennt as 
stated. Since we already know from the classical case that 
some fields have this perhaps unexpected aspect, it can't ba 
straightforwardly a réason for not taking operators assigned 
to set points to be values of a quantity. 


12) Feynman talks about particles taking al} paths from 
start to finish. Somewhere, Feynman comments that thinking 
this way resolved for him the question of how the particles 
knows “which way to go" Tim takes this as evidence that 
with at Teast one hat on, Feynman thinks of this 


realistically . He can't remember the reference, but 
thought it wan's either QED or Laws 


13) Parts: I see two formal difference between mereological 
parts and analytic parts (vector components) To get an 
analogy going one needs to analogize disjoint parts with 


components along orthogonal axes. Otherwise ons gets into 
trouble with saying things like going both north and south 
are parts of standing still. Sut then, for a vector in a 2= 


d space, there can only be two non overlapping parts. and 
with merological parts one can get into parts of parts, but 
this goes wrong for vectors. 

A second difference is that a mereclogical part has its 


part. Not so for analytic parts. Tim commants: But quantum 
systems don't have sxact trajecatorias. I comment: But they 
do have s~t tubes of "fuzzy position" 
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Dear Paul, 

Schrédinger referred to the money- 
analogy . orally in Alpbach, but he also brings 
it into the last chapter of 


Science, Theory & Man: ‘What is an 
Elementary Particle?’ 


The legal term in 'fungible'. 


Yours , 


Mave 
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Comments on Paul Teller's 
An Interpretive Introduction to Quantum Field Theory 


Comment on these remarks: what follows are the thoughts and reactions | had on 
several readings of the manuscript. | cannot divide these into changes which | think must 
be made and those which are optional: | leave it up to the judgement of the author to gauge 
the seriousness of the problems. Some of the objections strike rather deeply at the 
philosophical interpretation offered, and would best be met, in my view, by fairly 
extensive reworking of the material. Short of that, a hope that some acknowledgement of 
alternative approaches can be made. The length of these comments should be taken as a 
mark of the challenging and provocative nature of the book. There are an amazing 
number of typos in this manuscript- to save space | will write the page number, the line 
number, followed by "b" if counted from the bottom of the page, and the word as it should 
be. 


Pre-Chapter 1 

V The overall structure of the book is rendered a bit awkward by the use of a free- 
standing philosophical paper as the first chapter. Having been prepared for an 
introduction to quantum field theory, the reader is shocked to find the book beginning 
with a discussion of the use of labels in quantum mechanics. | think the addition of a 
Chapter 0, explaining that the examination of an interpretative philosophical problem 
can motivate a choice of the formalism for QFT, would be helpful. 


Chapter 1 

Before going into the details of chapter 1, let me register my basic complaint. The 
point of chapter 1 is to examine the consequences of LTI as it seems to be implicated in 
the use of tensor product Hilbert spaces. That is fine. But the attempt is also made to 
suggest that the LT! inherent in this formalism is inherited, in some obscure way, from 
a presupposition that classical particles have LTI (and hence that quantum “particles” 
must have). This is false. It is no part of the classical conception of a particle, either 
explicitly or implicitly, that particles have LTI. No results of classical mechanics, no 
element of its formalism, requires this. A classical physicist who recognizes the 
existence of intrinsically identical particles need not believe that a description that 
results from the exchange of particle labels represents a metaphysically distinct 
possibility. 

The description of classical particles on p. 10 ff. is correct: classical particles are 
individuated by their space-time trajectories. The combination of continuity of motion 
and the impenetrability of the particles provide classical particles with Diachronic 
Individuality , that is, there is a fact of the matter about which particle at a later time is 
identical with which earlier particle. Further, the localization of classical particles 
ensures Synchronic Individuality : one can discriminate particles at a given time. Note 
that neither of these features is Transcendental in Teller's sense. These two features are 
sufficient to explain the applicability of Boltzmann statistics in classical mechanics. In 
the initial state of the system the particles can be labeled in virtue of synchronic 
individuality. After equilibrium has been reached, states that differ by permutation of 
particle labels are different, for they can only be achieved if different trajectories had 
occurred. 

It is notable that diachronic individuality is sometimes explicitly denied of quantum 
particles. For example, Baym, Lectures on Quantum Mechanics p. 400 ff. attributes 
terms in the scattering cross-section of identical particles to the fact that one cannot 
distinguish which of the outgoing particles is identical to each of the ingoing. Taking this 
a step further (in a way sympathetic to Teller) we can say that there is no fact of the 
matter about which one going in is which coming out: quanta don't always have diachronic 
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Comments on Paul Teller's 
An Interpretive Introduction to Quantum Field Theory 


Comment on these remarks: what follows are the thoughts and reactions | had on 
several readings of the manuscript. | cannot divide these into changes which [ think must 
be made and those which are optional: | leave it up to the judgement of the author to gauge 
the seriousness of the problems. Some of the objections strike rather deeply at the 
philosophical interpretation offered, and would best be met, in my view, by fairly 
extensive reworking of the material. Short of that, a hope that some acknowledgement of 
alternative approaches can be made. The length of these comments should be taken as a 
mark of the challenging and provocative nature of the book. There are an amazing 
number of typos in this manuscript- to save space | will write the page number, the line 
number, followed by "b” if counted from the bottom of the page, and the word as it should 
be. 


Pre-Chapter 1 

V The overall structure of the book is rendered a bit awkward by the use of a free- 
standing philosophical paper as the first chapter. Having been prepared for an 
introduction to quantum field theory, the reader is shocked to find the book beginning 
with a discussion of the use of labels in quantum mechanics. | think the addition of a 
Chapter 0, explaining that the examination of an interpretative philosophical problem 
can motivate a choice of the formalism for QFT, would be helpful. 


Chapter 1 

Before going into the details of chapter 1, let me register my basic complaint. The 
point of chapter 1 is to examine ihe consequences of LT! as it seems to be implicated in 
the use of tensor product Hilbert spaces. That is fine. But the attempt is also made to 
suggest that the LTI inherent in this formalism is inherited, in some obscure way, from 
a presupposition that classical particles have LT! (and hence that quantum “particles” 
must have). This is false. It is no part of the classical conception of a particle, either 
explicitly or implicitly, that particles have LTI. No results of classical mechanics, no 
element of its formalism, requires this. A classical physicist who recognizes the 
existence of intrinsically identical particles need not believe that a description that 
results from the exchange of particle labels represents a metaphysically distinct 
possibility. 

The description of classical particles on p. 10 ff. is correct: classical particles are 
individuated by their space-time trajectories. The combination of continuity of motion 
and the impenetrability of the particles provide classical particles with Diachronic 
Individuality , that is, there is a fact of the matter about which particle at a later time is 
identical with which earlier particle. Further, the localization of classical particles 
ensures Synchronic Individuality : one can discriminate particles at a given time. Note 
that neither of these features is Transcendental in Teller's sense. These two features are 
sufficient to explain the applicability of Boltzmann statistics in classical mechanics. In 
the initial state of the system the particles can be labeled in virtue of synchronic 
individuality. After equilibrium has been reached, states that differ by permutation of 
particle labels are different, for they can only be achieved if different trajectories had 
occurred. 

It is notable that diachronic individuality is sometimes explicitly denied of quantum 
particles. For example, Baym, Lectures on Quantum Mechanics p. 400 ff. attributes 
terms in the scattering cross-section of identical particles to the fact that one cannot 
distinguish which of the outgoing particles is identical to each of the ingoing. Taking this 
a step further (in a way sympathetic to Teller) we can say that there is no fact of the 
matter about which one going in is which coming out: quanta don't always have diachronic 


individuality. This fits quite well with the analogy of waves offered on p. 33. Waves don't 
always have diachronic individuality: when they interact, questions of identity with the 
incoming waves is moot. But waves sometimes have such individuality (when there is no 
interaction). Similarly, a single quantum particle, like a electron, seems to be 
individuatable when not interacting with others (think of an electron in a Penfield trap). 
It is notable that the question of statistics only arises in states of equilibrium, i.e. in 
states that are the product of extensive interaction. If identical quantum particles do not 
maintain individuality through time when interacting, the appropriateness of Fermi or 
Bose statistics may be vindicated. 

It is worthy of some consideration that David Bohm's interpretation of quantum 
theory is capable of recovering Fermi and Bose statistics even though Bohm postulates 
classical particles, particles which have definite positions at all times and follow 
definite trajectories. Thus the classical notion of a particle can be reconciled entirely 
with all characteristically quantum mechanical phenomena. In the case of statistics, this 
is done by denying the equiprobability of distinct states, and the equiprobability fail to 
hod because of the non-local quantum potential. A Bohmian QFT can similarly predict all 
quantum effects while postulating the existence of a perfectly definite field configuration 
at all times. 

In any case, the attempt to foist LT! on classical metaphysics is both ill supported and 
unneeded. The important point is that LTI is implied by the tensor product formalism. 


p. 9, |. 11 "be". First paragraph: LT! is not needed for labeling of particle to make sense 
as the classical case shows. All | need to do is attach labels at a time and the diachronic 
continuity will carry them forward. Second paragraph: the denial of the Pll does not 
commit one to LTI. The relevant attributes for the Pll are taken to be purely qualitative. 
| may hold that individuals are individuated by particular relations to other individuals, 
and hence by non-qualitative properties. | can maintain that Black's two spheres are two 
but deny that exchange of them through all time would result in a distinct situation. 
Further, the fact that an entity's individuality is not fixed by its qualitative attributes 
does not imply that it is independent of those attributes, as the gloss suggests. 

p. 10- Note the “admit of reidentification" of para. 2- this is just diachronic 
individuality. 

p. 11- Again, | deny that classical physics must admit the possibility mentioned in para. 
2. We don't need more than “ersatz LTI". 

p.12, |.1- “bare”; last para.- again, “particle’ does not carry connotations of LT; |. 
2b-"properties represented by". 

p. 14, |. 3b- "represented" 

p. 15, bottom to top of p. 16: please provide an example of the "different statistical 
predictions" mentioned. Further, more support must be given to the claim that LTPHSF 
describes too many states: this really requires the close discussion of surplus structure. 
p.16, |.2- “supposed”; |. 3b "exhaustive"; bottom of page- some justification for the 
equiprobability assumption is needed. This is, in general, a difficult issue, and is just 
glided over here. Clearly this whole discussion depends on it. 

p. 20, |. 3- “exemplified”; |. 6b- “roundabout" 

p. 21, [1.3 -“compromises”; |. 8 - “restriction” 

p. 22- the idea that if two particles have identical intrinsic properties then all 
observable must be symmetric under label exchange is problematic. Suppose | have an 
electron in a box here and another in a box on the moon. Then the observable according to 
which the one here has property A and the one on the moon has property B is 
distinguishable from the one where the particle here has B and the other has A. This is so 
even though they are intrinsically identical. This of course breaks down if the two 
particles interact. Perhaps you mean to argue that | cannot know whether the one | put 
into the box here is the same one that comes out of the box here- but at least prima facie 
this seems to be something | can know in some cases. 


p. 24, |. 11- “other words" 

p. 27, |. 6b- “contains” 

p. 28, |. 8- “symmetric"; bottom of page- the example of the black hole does not seem to 
be one of surplus structure. If there are no black holes, or if black holes are not 
physical possibilities, then the GTR is just false (breaks down at some point). For the 
conditions that lead to the formation of black holes according to the theory are surely 
physically possible. So if nothing physically possible corresponds to the mathematical 
singularities, the theory is just wrong. 

p. 30, |. 11- "labels" 

p. 31, |.7b- "structure"; the mention of Fock space here deserves at least a footnote. The 
reader who has taken up the book to /earn QFT will be shocked to find that a previous 
familiarity with the theory is presupposed. One should be reassured that the formalism 
will be explained in the next chapter. 

p. 34, p. 8- “labels” 

p. 35, I. 12- “characteristics”; second para.- the appeal to the commutation relations 
here deserves some comment. The Hilbert space proponent may say: "My theory is fine. 
It is part of the theory that one does not have non-symmetric states as representatives of 
reality.” To this your response seems to be that one must justify such exclusions. One 
wants to see what the formalism says about the ontology, and bare exclusions need 


* Sinterpretation. But if we ask how the Fock space formalism manages to ensure the right 
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symmetry properties, the answer seems to be: through the imposition of commutators or 
anti-commutators. Similarly, the statistics are derived from this. So it seems 
appropriate to ask what ontological significance the commutation relations have. Where 
do they come from? What do they tell us about the nature of the items in the theory? 
Otherwise, they look like another arbitrary restriction on the theory, one put in by hand 
to get the right numbers. If so, the advantage of Fock space over the simple exclusion of 
non-symmetric state in LTPHSF is obscure. 

Pp. 37 “we can't make sense of the idea of particles with LTI| superimposing to give the 
needed (anti)symmetric states". | don't see what kind of “sense” is required here, and 
what LTI has to do with it. Superposition is a characteristic quantum phenomenon that 
appears even when only one particle is at issue. Think of the two-slit experiment. In 
some way, this is hard to make sense of, but LT! is no part of the problem. In general, 
the claim is repeated that superposition is somehow more comprehensible if we give up 
LTI but the connection is never really made. 

p. 38- given the comments above on the importance of commutation relations in this 
formalism and the lack of any ontological interpretation of them, the admissions on this 
page are welcome. But the promise that "We will return to this issue on a future 
occasion" is not fulfilled in this book (I think). Some discussion would be welcome. 


Chapter 2 


p. 42, |. 4b- "exploiting". General comment on the harmonic oscillator analysis: | don't 
think that the quantization of the electromagnetic field via a normal mode analysis is 
given a sufficiently clear or sympathetic presentation. One can give a general recipe for 
quantizing a classical theory: analyze the classical system as having a certain number of 
independent degrees of freedom; write down the conjugate momenta corresponding to 
those degrees of freedom; associate operators with these canonical positions and 
momenta; impose commutation relations on the operators. From this point of view, the 
normal mode analysis of the electro-magnetic field is quite natural. What are the degrees 
of freedom of a classical field? One might be tempted to take the field value at each point 
as an independent degree of freedom, but this is incorrect if there are continuity 
constraints on the field. All continuous field configurations get a unique Fourier 
analysis, and the normal modes are independent degrees of freedom. Note that when using 
box normalization, switching from the field-values-at-a-point to the normal modes 


goes from an non-denumerable set of variables to a denumerable set. This indicates how 
continuity imposes constraints on the field values. Thus the harmonic-oscillator 
analysis in terms of normal modes is an almost inescapable consequence of regarding the 
object to be analyzes as a continuous field.In any case, it may be more convenient than 
using the field values at each point as the degrees of freedom of the system. This of course 
does not suggest reifying the normal modes into vibrations of some entity. | will have 
further comments on this in reference to chapter 5. 
p. 43, top- what exactly is the "privileged role" of the momentum basis? Why wouldn't 
the conjugate momenta associated with any set of independent degrees of freedom work as 
well? This should be explained. Also, “privileged” is misspelled. 
. 44, I. 7- "lowering" 
. 26, |. 11 et passim- “one-quantum”" rather than “one quantum'"?; |. 12 "dispersed" 
48, |. 7-"additive" 
. 49. |. 12b, 10b, 7b- "additive"; |. 4b-close parenthesis is needed. 
53, I. 7-"Bosons" 
. 57, |. 1- Should some remarks concerning the uniqueness of the vacuum be given?; 
|.11- the parenthesis here is never closed. 
p. 62, |.6- "mathematics"; |. 1b- “particle” 
p. 63, |. 11b-"eigenvalue” 
p. 64, bottom para.- The claim that the claim that in QM position is an operator while in 
QFT it is a parameter is misleading is misleading (sorry). That is, there seems to me to 
be a very good reason to make exactly this distinction, a reason which is not brought out 
in this discussion. This issue is rather important, and | will likely return to it later. 

in QM the position variable is really a degree of freedom of the system. That is, 
position is always position of a particle (in labeled Hilbert space) or position of some 
quantum or other in Fock space. This distinction is easily missed if one focuses on the 
one-particle QM, but is clear in two-pariicle QM: there there are six position 
operators, three for each particle. This is reflected in the familiar fact that the wave- 
function is a function on configuration space, not on physical space. In the one-particle 
case, the configuration space of the system is isomorphic to physical space, so the 
distinction can be easily overlooked. This whole discussion does not seem to make this 
important distinction. 

The importance of configuration space in QM also raises a different means of approach 
to some of the questions addressed in chapter 1. If a system contains identical particles, 
especially particles which fail to have diachronic individuality, what exactly is the 
configuration space of the system? | think the point about labeled Hilbert space might be 
usefully illuminated in this way. If the configuration space of a system with identical 
particles is smaller than that of a similar system without identical particles (due to the 
indistinguishability of some of the states)\then use of the larger configuration space may 
be the source of surplus structure. Since the wave function lives in configuration space, 
this is a very natural question to ask. It may make contact with the interpretive issues of 
chapter 1 in a more direct way than discussing LTI. 

In QM one can ask questions like- Where is particle A (suppose A to be the only 
particle of a given kind)? The fact that this can get different answers reflects the fact 
that the position of particle A is a degree of freedom of the system. Since particle A may 
not have a definite position, we associate an operator with this degree of freedom. On the 
other hand, in QFT on does not ask any experimental questions of the form Where is x? 
Rather, one asks questions like "What is the value of the field af space-time location x? 
The location is thus not a degree of freedom, the field value at a location is. Here the 
locations are in physical space. There are no operators for the location of anything, only 
operators associated with locations, operators for field values or particle numbers, etc. 
Thus space-time location is a parameter in field theory, not an operator. 

There may be some sense in which saying that in QM position is an operator and not a 
parameter in misleading, but the point made above about the degrees of freedom of the 
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system, and about the role of configuration space in QM, are essential. It is, | think, a 
serious mistake not to clearly lay out the truth that lies behind the supposedly suspect 
dictum. More anon. 

p. 66, |. 14- "presentation"; Sb- "attractive" & "ontology"; 1b “call”. 


Chapter 3 


p. 68 first Para.- Are the disclaimers about technical considerations to be ignored 
needed? 
p. 69- | hope that the sense in which QFT associates an operator with each space-time 
point is clear from my above discussion. The degrees of freedom of a field involve 
quantities at a given space-time point which can vary: associated with each of these is an 
operator. This is of course not to say that the operators are “out there" in the world. 
Rather it is to say that a quantum field has a value at a point in space-time in just the 
same sense as a quantum particle has a position. In each case, the classical theory always 
assigns a definite value while the quantum theory associates an operator which gives 
only expectation values for a given state. |. 5b- "generally" 
. 70, |. 2b "where" 
. 71, |. 2b "independent" 
72, |. 10- "detail"; |. 11 "should"; |. 12- "U*|kK,0>; footnote |. 2- "operator" 
. 73, |. 6b- "a" 
76, |. 4- "relativistic"; |. 10b- "Alternative" 
. 77, |. 3- "description"; |. 4- "involving"; |. 5 "description"; |. 8- "oscillators"; |. 
9- “description”; |. 10 "describing" |. 10b- “interpret”; |. 7 ff.- | don't see that the 
argument for obscurity has been made. | think the gloss given above is pretty clear. 
p. 78 top para.- there has been a notion creeping in that there is some problem aboui 
Superposition in the traditional approach to QFT or many-particle QM which is resolved 
by the acceptance of quanta as non-individuatable, an issue quite different from that of 
surplus structure. | don't see the connection. Superposition is an archetypal quantum 
effect, one for which there is no classical analog. The problem of interpreting 
Superposition arises quite independently of any problem about individuating particles: 
think of the two-slit experiment when only one particle is involved. There is no formal 
problem with superposing states in the same Hilbert space in LTPHSF. There is a 
problem in superposing states of different particle numbers, but there is a more 
obvious problem of evolving into states with different particle numbers. If there is more 
than a formal problem, i.e. an interpretational question about the meaning of 
superposition, then | don't see how giving up individuatability helps us solving it. If 
there is only a formal problem of having states with different particle numbers in the 
same Hilbert space, again | don't see how the renunciation of individuatability is the key 
to solving this. |. 4- "freed"; |. 7- "alternative" 

second para.- It is pleasing rhetorically to see the elimination of individuatability 
from the classical conception of particle as giving us a mid-ground between wave and 
particle. But 1) as argued above, if the property in question is LTI, classical particles 
don't need it. 2) if the property in question is diachronic individuality, why isn't what is 
left just a classical wave, which, as you yourself state, does not always have diachronic 
identity? What is /eft of the classical particle? |. 5b- "approach" 
p. 79, |. 6b- “quantizes"; |. 4b- “numerically”; last line- quantum waves are not 
complex valued functions of space and time, they are complex valued functions on 
configuration space. As noted above, this confusion is hard to avoid in the one-particle 
case, but the distinction is essential. Also in last line-"“complex". 
p. 81, middle para.- | can't follow the reasoning about why the heuristic can't be given a 
rigorous reinterpretation in QFT. Bottom of page following- see note above on the 
"myth". 1. 11- "equations"; |. 14 “substitution”. 
p. 83, I. 2b- "Schrodinger" 
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p. 84, |. 4- “seems”; The tenor of the discussion of positive and negative energy 
solutions that follows here uses a heuristic: negative energy solutions are not avoidable 
if the basic field equation (such as the Klein-Gordon equation) is quadratic in time. 
Although the heuristic is tempting , it is limited and perhaps does not give the best 
explanation of the origin of the terms. It is easy to see that this must be so since the 
negative energies also appear from the first-order Dirac equation. Further, if the 
solutions were mere artifacts (as in the “Annie is half as old as the square of her age 10 
years ago” problem) then they could just be discarded as such. It is more natural to 
begin with a relativistic space-time and an analysis of the field into plane waves with 
time-like momentum four-vectors. one then gets the usual analysis into positive and 
negative frequency/energy equations by a change of the integration parameter on the 
negative frequency part. It is important to approach the question this way so that one can 
see the necessity of the negative frequency solutions: without them we don't have a 
complete basis for decomposing the field. 

p. 85, |. 7b- "positive"; footnote |. 1- "frequency"; |. 6- “treatment”. The 
interpretation of id/dt as the energy operator needs some justification. The Hamiltonian 
is the generator of infinitesimal time translations, but is not always the energy operator 
of the system. 

p. 86, I. 11b- "Gordon", "inner" 

p. 87, |. 1b- "matrices" 

p. 90, |. 10b- “Hamiltonian” 

p. 91, |. 2- "satisfying"; |. 5b- You don't want Psi to be an operator, do you?, |. 2b- 
"reinterpreted" 

p. 92, |. 15- "frequency" 

p. 93, |. 15b-"particle"; 12b- "frequency"; 6b- "momentum"; 2b- "tantamount" 

p. 94, I. 1- "positive"; |. 8- "corresponding"; |. 3b- "Ultimately" 

p. 96, |. 3- “presentations”; |. 5- “quantization’; |. 7- “solutions”; |. 6b- “valued”. 
Comments on this last paragraph and following- this is what | was waiting for all along. 
Two questions. First- why is this only valid for a real-valued field? Second- why use 
"position" in scare quotes as opposed to, e.g., “degree of freedom"? In general, as is 
obvious, | don't think that the power of this approach to understanding QFT has been 
given adequate attention. This gives us a formally exact analogy between the transition 
from classical mechanics to quantum mechanics and the move from classical field theory 
to QFT. There may be puzzles about the sense in which a quantized field is really a field, 
but they are exact analogs to the question of the sense in which a quantized particle is a 
particle. The comment on bottom of p. 97 about how this line of approach is "at best, 
analogical only" is obscure to me. Of course there is no question of material oscillators 
being subject to quantization. But the purely classical Fourier analysis of a field into 
normal modes is also not a matter of resolving it into material oscillators. The 
resolution into independent degrees of freedom is exact, and the quantization of these is 
by the usual means. 

p. 98 |. 2- "parasitic"; |. 6- "thoroughgoing". In this para. | don't know what the cash 
value of "more nearly physical" is. 

p. 99, I. 2- "quantized"; |. 8- "absence" 

p. 100, |. 7- "noteworthy"; |. 14- "positive" 

p. 101, |. 10b-"positive" 

p. 103, |. 3b- “superposition”. The argument here is a bit obscure to me. If the |x> are 
not localized in a Lorentz invariant way and the |x>yyw are, why not think that, if reality 
is Lorentz invariant (as it were) then the only true representation of localized states is 
via the |x>yy? | don't see how "two sorts of physical space” get into the analysis- rather 
there is only one sort of physical localization. {t will, of course, be differently 
expressed in different bases. Of course, we might just abandon the notion that 


localization is an objective (frame-independent) property of a state- this is not too 
implausible in any case. 
p. 104, |. 7- "reference" 


Chapter 4 


p. 106- Clearly, the analog of a specific field configuration in classical field theory is 
not the set of field operators of quantum field theory, but rather the state upon which 
the operators operate. Similarly, the analog of the state of a classical particle in 
quantum mechanics is not the position operators but the state upon which the operators 
operate. In classical mechanics, each state of the system specifies the positions of the 
particles, in QM only probabilities are determined by the state. Similarly, in classical 
field theory, the state specifies the exact values of the (spatio-temporally indexed) field 
variables; in QFT the probabilities for these quantities are returned by allowing the 
associated field operators to act on the state. Again, QFT stands to classical field theory as 
QM stands to classical mechanics. The field operators are not the analogs of the field, 
they are the analogs of the classical functions that map the state of the field to definite 
quantities for particular field variables. Hence | deny that the operators represent a 
physical quantity in QFT- the quantities are represented by the state. 

p.107, |. 7- "different"; the second paragraph- the idea that non-self-adjoint operators 
can represent physical quantities (better- physical degrees of freedom) via the real and 
imaginary parts separately is obscure to me. How could these be measured? 

p. 108, I. 11b- "some" 

p. 109 ff. | would replace "determinable" with “degree of freedom". In classical theory, 
each degree of freedom takes a definite value in all physically possible states; in quantum 
theory this is not so. The formal representation of a degree of freedom in quantum theory 
is an operator, the representation of the specific state, the analog of a classical field 
configuration, is the ket. Thus, again, the main difference is that in quantum states the 
degrees of freedom are not all assigned definite values. |. 3b- "configurations" 

p. 111, second para.- there is a funny shift here from ontology to mathematics. Classical 
field theory has mathematical objects that represent physical states. There is then a 
mathematical function from states to real numbers that specifies the value of a 
particular quantity in a given state. Similarly, QFT has such a function- not to real 
numbers but to probabilities over measurable sets of real numbers. Thus there are 
clear mathematical analogies. The question of what in reality corresponds to the 
mathematical entities is quite important, but comparing ontology with mathematics in 
the two cases is not a fair comparison. 

p. 112, |. 11- "ignore" 

p. 113, I. 11- "picture" 

p. 115- | hope the above presents a reasonably clear alternative to this picture. |. 11b- 
"temporally" 

p. 116- | don't at all see what is "perverse" about this interpretation of the classical 
field. If | understand correctly, the perversity arises because one regards the field not as 
the instantiation in various places of one universal property but as the instantiation of 
physical quantities that are tied to each space-time point. But this is just what classical 
theory (including GTR) says! Think, for example, of tangent vectors. In the Euclidean 
context, one may mistakenly think that the same tangent vectors may be instantiated at 
different points. In the non-Euclidean manifold, however, we see that in general the 
notion of comparing vectors in the tangent spaces of different points is not well defined. 
Vector-types are confined, as it were, to a tangent space; we can't see vectors at 
different points as instances of a single universal. Comparison of vectors is only possible 
with the addition of a connection, and even then the vectors cannot be compared per se 
but only as transported along a path. Much more about the nature of gauge theories could 
be said here. |. 5- delete "a"; |. 2b- "breaks" 


p. 118, |. 9- "determinable"; |. 11b- "<Phil" 
p. 119, I. 15- "(1)," 


Chapter 5 


p. 126, |. 7- "after all" 

p. 128, bottom- To call the perturbation series expansion “wishful thinking" seems 
quite unfair. It is, of course, only useful for small perturbations, but the general method 
is quite respectable in those cases. | feel that some more tangible results are needed to 
justify the rather dismissive tone here. 

p. 129, |. 2- “constructive"; footnote |. 3- "strength" 

p. 137, ff. The discussion of “discarding” the vacuum field expectation values suggests 
that this is just a stop on the way to formulating the correct theory and so the vacuum 
expectation corresponds to nothing real. However, some physical phenomena, most 
notably the Casimir effect, appeal to the vacuum expectation. It is not clear that zero 
vacuum expectation is physically correct. 

p. 139, |. Sb- “infinite” 

p. 140, |. 5- "Feynman"; |. 6- "mileage" 

p. 145, |. 1b- “walking” 

p. 146, |. 5- "diagrammatic"; |. 7- "diagrammatic"; |. 11"representing” 

p. 147, |. 12b- "description"; | don't really understand the objection to using the terms 
“creation” and "annihilation". Even if one gives up LTI, the result of the operator acting 
on a state is to yield a state with one more or less quantum, thus creating of annihilating 
one. Nor, so far as | can see, does the fact that states can superpose effect this. Thus | find 
the discussion on the next page unconvincing. 

p, 149- One may not want to take the sort of ontology that Feynman associates with his 
diagrams seriously, but at least the position can be given a more sympathetic rendering. 
Feynman sometimes speaks as if the diagrams really do represent actually evolving 
processes, processes that all take place simultaneously and the sum of which yield the 
probability amplitudes for observations. These underlying processes would involve 
creation and annihilation of particles, exchange of mesons, etc. The smooth and 
deterministic evolution of the resultant amplitudes is not because there are no such 
creation and annihilation events at the underlying level but because the discontinuities 
are washed out when we sum up all the contributions. |. 4b- "do" 

p. 150, |. 12- "amplitude"; |. 14-"constitutes"; |. 2b- "non-relativistic" 

p. 151 ff.- This discussion of parts is, to me, unconvincing. It seems to me that the 
Fourier components of a wave are as legitimate parts of it as parts of a table are parts. 
This can only be refuting by providing an analysis of parthood, which is obviously 
lacking. The analogy to burning sugar on p. 152 is out of place: the Fourier components 
literally sum to the wave while the combustion products do not make up sugar. It may not 
be sufficient that the putative parts sum to the object for parthood, but it is pretty 
obviously necessary. 

The analogy on p. 153 is also unfair. If | ask for an analysis of a wave into Fourier 
components the result is uniquely determined by the wave, it | ask for a resolution of a 
velocity into the sum of a Northerly and Southerly velocity the result is not fixed. In 
general we may distinguish two sorts of parts of an object: 1) analytical parts- the 
result of some unique method of regarding the whole as a sum of parts where the 
decomposition is into orthogonal components. Analysis of vectors into orthogonal 
components satisfies this, as does Fourier analysis. Analysis into non-orthogonal 
components does not. Thus, if we wish to analyze a motion into motion North plus 
something else we should begin by taking the projection of the velocity vector on a North 
pointing unit vector. Your actual velocity cannot, therefore, have as parts Northerly and 
Southerly components. 2) dynamical parts, such as are discussed, where the parts are 
identified via their causes. | don't see any objection to analytical parts as parts- neither 


the sugar nor velocity examples tell against them. Nor is it relevant that a wave can be 
analyzed by resolution into many different sets of waves. | have a top half and a bottom 
half, a right half and a left half. | can be cut up in different ways, but these all yield 
parts of me. This is where a general discussion of mereology is most needed. 

p. 153, |. 6- "putting" 

p. 154, middle para.- "No hidden variables" proofs are irrelevant here- the question is 
in what sense the processes depicted by the Feynman diagrams are thought of as existing. 
According to Feynman they aii take place. Thus Feynman would not refrain from saying 
that the particle passes through slit A or slit B- indeed he would insist that it does both. 
Its observed behavior is a result of the joint effect of all the happenings. |. 7b- 
"individual" 

p. 155- considerations of how gigantic the superposition of these possible histories in 
the sum-over-histories picture is would nat move Feynman. The more the merrier. 
Indeed, it is exactly because in some sense every possible history is tried that the view 
is so appealing: no selection principle among histories is needed. The particle doesn't 
have to know where to go, it goes everywhere possible all at once. Again, you may not 
like the picture, but at least it should be presented in all its glory. Thus the “as if this 
were not enough" rhetoric would not faze Feynman. |. 6- "superimposed"; |. 9b- 
"Feynman". 

p. 156, |. 6- "an", “represented; |. 7- “density”, |. 11- "corresponding" 

p. 157, |. 4b- "catastrophe" 

p. 158, I. 4- "Bethe": |. 7- "non-relativistic"; |. 8- "Bethe"; |. 12- "Feynman"; |. 8b- 
“psychologists” 

p. 159, |. 11- "suggesting"; |. 8b- “lattices” 


Chapter 6 


The only comment | have on this chapter regards the justification of the requirement of 
renormalizability given on pp. 247 (journal pagination) and 255. It is said that a 
scheme is hopeless if it requires an infinite number of empirically determinable 
constants. This seems not always to be so. For example, it was once speculated that the 
families of quarks would constitute an infinitely ascending hierarchy. There is no reason 
to assume the masses of the quarks would be calculated from first principles. But this is 
no fatal objection to the theory. If each successive family has a smaller effect on 
observable phenomena, approximations may be calculated to any desired degree of 
accuracy. No doubt an infinity of quantities needed to absorb the divergent terms would 
not be so benign, but one should explain exactly why this is so. Certainly one cannot 
reject the infinity per se since the real infinities approach is accepted as a possible 
interpretation of the physics. 
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ADDITIONAL COMMENTS ON PAUL TELLER MS. 


I write '5,2,3" for 'p. 5, para 2, line 3', '-3' for ‘line 3 from bottom’, 
‘Main' for ‘main comment’, . 


Chap_4 

8 & 10; disentangle: nameability, which is linguistic; being a coninuant, TI 
2 through time; primitive transworld {tdentity, TI through possible worlds. ‘'LTI', 
* introduced p. 10 explicitly continues entanglement. Unclear what ‘PTI' (set 
Ns aside) really is. 

V 10, low: relate Ind Properties to the standard idea of individuation as 
providing interesting weak sufficient conditions of identity, or equivalently 
interesting strong necessary conditions of non-identity, 

9 11,2,-4; ‘makes sense' etc. RElate 'no physical difference! to symmetry of 
o classical Hamiltonian; do you claim that classicalphysics' world-picture allowsa 
oe Gaeta Hamiltonian? cf. also 15, line -5. 
wt Vv 13, last 5 lines: penultimate sentence's use of joint state is nat 
be eas. Refer explicitly to linear combinations, 
¥ 13,3: all Hilbert spaces of given incneuion are isomoprhic; so clarify talk 
of tthe same Hbt space! 


V 20,top:This suggests we hardly ne@ded p. 19's list i) to 1ii). Go stfyaght tol 6 
the second sentence of iii), and delay 1) and ii) till need it at p. 21 mid. at 
¥ 20, last 3 lines: ugly phrasing. 
ca V 22, lines 9-10:. expand on distinction between permutation of particle labels x 
Se and of states. 
¥ 23,3,3: ?insert "Cunit-length)' before vectors, and similarly elsewhere. g ‘ 
P tiel Some 23, last 8 lines: could cut, clear from previous para. 
fenders need The. 4, last para: explain ‘irreducible’ and 'Schur's Lemma'. This page not Xx 
i ah ten © /felicitous: ‘maximal’ line 7 Will be read by newcomer as just meaning that ali te 
‘s point eigenvalues are non-degenerate. i 
26,2,4-5; cut reference to Hartle & Taylor p. 2045: what is here cited is not = 
-  outof -the Common run for this exposition, and you are not giving refs at every = 
turn, 
pris is 44 ph V28mid, & 29 mid: in a philosophical book such as this, surely expand, e.g. hor 


vy qe fg refs to literature on theory-choice, Under de Permitat 120 of theory by data, 
ea well Jand e.g. comparison with Friedman's 'Fdns Sptime Thies’ distinction between weak 
thle same and strong unverifiability,. 
Thong te 29, line & explain. This is pe ae ihe such piles! 39 isi Se alike 
despite p. 24 onwards. Te reeden je MGM. 8 a ee. or wil se 
W31,2,5 et seq: The propeeat’ is puzzling: How keep track of numbers and 
Tl check distr tbutton (lines 6-8) without a concept of which particle has which 
refevences aad RrOperties? Since you say this yourself innext para, ? rewrite. 
Aas 33, lime -1: 'Hardly'. Contentious; you implicitly here reject tropes. Cf. 
aaprep riate e.g. Lewis Plurality of Worlds, p. 64-69, and refs there to Keith Campbell. rt 
V34,line ~4: who isthis'? Teller in ref 8? '{ys! was sapposer te be ‘This’ oe 
6, line 5f.: Fock space giving more than LTPHSF. Important to author cos of 
e.g. 29mid, 32 para 2 end, and the ‘reverse direction’ project of p.43f. But 
care is needed: cf. comment on p. 43, of Chap 2. In particular, here, 
acknowledge that LTPHSF makes no attempt to deal with variable particle number: 
so clearly distinguish (i) uncontentious point that Fock does so deal; (ii) 
contentious claim that we can build Fock without putting in symmetrization or 


antisymmetrization by hand. 


gl 
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Chap. 2 
41, line 2: ‘Here' to end of para sounds too defensive: cut. Ditto for lines 
9-11 of 43, formt particularly well Txken, 
| V42, line 6: ‘corresponding' should be ‘proportional’. 
43: ‘reverse direction’ project. 'MAIN' Cf. last comment on Chap. i. Please 


hs add detail on exactly how much we need to postulate to get a linear structure on 
peer so H, such that p. 49 line -3 holds, with each Hy, isomorphic to the symmetric part 
fake of the i-fold tensor product of H, with itself. 
cheat? These details seem needed, because: even if we DO put in symmetrization by 


hand, the relation between number repsn and Fock {s subtle -- displayed in item 
Q)or enclosed xerox. & 7 

These details would 'finish the job' 1.e. vindicate 49 line -3, Gif Teller 
(could somehow derive from his motivating talk of pp. 47-49, an isomorprtsn 
to/postulation of: 0, LAtR, dx). 


jet nv Ws4, 2, 9f.: 'MAIN', though pedagogic, 43 para 2's abandonment of harm. 


we ‘ oscillators has a price. The physics is all in the eqns of motion of the 
scl con * * ,raising and lowering operators, as fixed by the Hamiltonian of the system. The 
ye * w{" |gnewcomer may baulk at the abstractness of 44f., which looks like an exercise in 
Cet Me o" linear algebra. p. 64 para 1 shows you will probably dig your heels in on this 
yp (ors ‘ pone: But here are some easy suggestions for how to make amends: 
as ee wwe (i) move earlier, perhaps into chiA 2 some of the physicsish material of p. 
5 Sse Hel lati“G2r, and p. 90F, - 
ie ate” cot Cli) put e-*** for <kIlx>, to give somelife, on p. 71. 
one th. hy (iii), at p. 62, where you write a, as a creation operator for particle of 
Pa on wo, omentum k, please also write down theg@action of a,# and a, on an arbitrary 
enh OF vector of Fock, cf. item@on enclosed xerox. 
“re a "y vs, low: nothing in your motivation makes k finite, though arbitrary. That 
§ Aa is: why not an infinite sequence of ny, In,;, na... My ee °? 
oe 55, line 10: 'natural'; suifely provable by thebasic definition of two dl vel 
ow operators A B and vector v: c(A + B)(v) =df. c(A(v) + Blv))._) But The sn repel ion) ss 
- %y58. line -9: ‘motivates’ could surely be similarly strengthened] Forced” Sy as 
3 V63, lifie 2f: <kix> is a number not a function: rewrite to get a rigour similar 
to p. 55 para 2. 
, Chap. 3 
Puts ts done ta 71, low & 74-76: MAIN: good and clear presentatlonof the field idea, but: 
50 marry Teter TF o (1) after all themephasis on the comm relations of the a‘a and a¥'s, please 
Werwlh gmt oe deduce the comm. relations of ¥ and its conjugate momentum. 
ony Pee —— V1) more important: the narrative drive, the point, o fthe rest of the Chap. 
Z vill work is unclear. 75 low and 78 low are too sketchy; no reason is really given for a3 
Aon The the ensuing development. Although I followed exposition of rest of Chapter, 79 ro 
Aur top to 105 (I think!), I don't see it how it supports the main interpretative >, 
idea of the book, as so far spelled out. ~- 
a 
473, line -3: w(k)* = k® + m#, Say more; introduce ‘mass-shell’ terminology. aa 
i «478, 1ine 9: explain ‘non-local’.  s 
Part ofr) gg" 77-78: this motivating stuff out of place here; perhaps at start of Chapter, ws 
abort ¥g0, fn 5: ‘Remember': I don't think you have said it before; cf. fn 3 of p.73. 0 3, 
V81, line 3: explain 'equality,not identity’. Sim'ly, p. 82 low (84 mid): a: 
operators are after all fixed by their action on vectors. 8 ; 


¥83, top: MAIN, pedagogic: I find it odd to get a Schrod eqn for operator- 
fields, i.e. (4), before one for complex-number-fileld, i.e. (9). Cf. also p. 64, 
This suggests a substantial change of order. 


~o~ it ri ght. The 
ay t)M96, bottom: explain Laggian formalism here (if not before!) for newcomer<———— 


' F Gumasn 
it) ‘om 7 98, second quantization: strangely no mentior ffthe N-particle Schrod eqn, and 
PT) abort: of its extra restriction to a fixed total number of particles. 


ftolO1, para 2 end: MAIN. I think this is false, if my memory of Fleming's 
lectures (attended by Teller & me) is right. Cf. enclosed xerox, marked 

LT works of t fosely be PE Fleming on Tres, Pee corble cheeh, A? 24, 
prekhy sure I%ve slit inkl. . 


¢ 


7) 


a 
d 


4yr7z? ey? JF 


Fly: 102, para’ 2 end is dubious; Cf. enclosed: “xerox, mark 
“true is 103 bottom, viz. that in: the. KG: position sepresen 


"ve ing massive, nota collectionof them.’ 
{sia} ae off ‘determinable. property: and p.. 414, 
g Cspec tent. when” We recal: 


tity 
para: 2's, potar iva’ f 
thal 


‘ref. ‘back to’ previous, iinpr fig 
Cope ae »Pé otis: sen dthis basic review earlier... 

: 113; para’ 3 to. 114 para 2 end: This is one of several,’ egsagest 
ane read ‘very well. and convincingly’ (though 115° last, third is 

repetitive)... Except that the presentation doesn't, highlight: “wha 

‘actual ts; ef “comment on 107, above.” In°other’ words,” “Lt ‘loses sight oft 

mentioned well on 113-114, the Meco occa ami state! My 


Poparater field y on elemenst of Fock” space: 
Sy. on 119 para 2. 

117; line, -1:,.explain “functional approach’ .. 
fi19, para: 2 start: neremnibits relevant, pedis? bees chap 
»sense of unity.” | RY Avge tale 
2% 120," ‘Tine 4-6: I .see no contrast toch. 
“surely; ‘there are freedoms to, €transform. Lan 


ton lee The; omeomsrtt pee i Heh ntenl ei! 
; “elatan,. ~ lee danity, epee a te 


yChap. (57° ie 
128, fn. 2: ‘This admits ‘to a point. that. could. 6 
“derivation on this page, is. nothing’ especially told 


“V.437,. Line .5- -6: say more about why. ' p 
“¥139,. ‘line +2: to help reader, reproduce the ‘Vir 
154,° stops, “1, t! doesn't have to. be causal. history ; 
lLterature. on parts and wholes, e.g structural)-univer al's., 
V147-155: This is one of several passages in, the boc : 
‘convincingly. . But perhaps add on whether the virtua 


Apress ust of. burning the interaction St ite 
M87 ha i 
ead 


a 
3, 
Fi 


‘e idiretet there, Plan nef. sure 

DE suqgested fe tana 

‘(already published,in, Phil Seijuse pagination, of, 

The: ‘Chapter: reads well. But I am ‘not: ‘convinced* that; s.it 

lternatives’ are really on a par with one? another, ° as! ‘Teller: suggests’ 

unely, sgcod. ‘case ,can, ee made that the mask’ of ° ignohance Sa teceivt 
at 


i materials for’the case. Thus ef: 248, para 4's pa 
cut-offs, approach, ‘one ‘suspects something is wrong ‘with theory0 

249; ‘para;S's “statement. ‘that for any known. method: of regularization," 
“regularized, theory. fails to have some 'good' property. My* ‘claim®tha 
Ohs ignorance is really what is going on 1 sbacked up, by ‘a: recen quas |- ; 
historical ‘study, viz. by A eae in PSA Proceedings 1990 vol’ ifelle 


.this paper. 


2407 Elendil Lane 
Davis, CA 95616 
February 21, 1991 


Dear Steve, 


I've thought a very small amount more about your "dumb" 
question. I haven't had the time to chase it down the way I 
should right now. But I've got a guess about how the answer may 


go. 


As you lay it out in your letter, one can put the issue in 
terms of how to justify or motivate the form of the momentum 
operator, P . So, begin by making no assumption about the form 

A q : 
of ~ . The arguments from conservation of momentum amounting to 
the requirement that Pp be the infinitesimal generator of spatial 
displacements is supposed to give the result that 

Pal 
(1) eH EHO = LPC IPS 
(This is the thing I've got to chase down. I've seen these 

arguments, but I've never understood them at all satisfactorily, 
and I can't begin to remember how they go.) But from (1) it 
should follow that the effect of 3 is to multiply the 
coefficient of @! x by k. The standard form for P has this 
effect. I haven't thought through whether it's eagy also to 
argue uniqueness, that only the standard from for P has this 
effect. 


This point is glossed over in every text I have ever seen. 
I suspect that working it out carefully would make a nice little 
paper. But I'm not going to be able to do it now. Hopefully I 
can think about it some more this summer. In the mean time I'm 
really grateful for your having nudged me into thinking this much 


about it. 
f 
boar, 
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eae fast, 
Ing dul question is aboot Ip qi- 416 , dh Cou plev k=G equation. 


The Way, “the ayy rent is set v t Geaws to me Hat the a's aud Ce othe 
Fouviey toetticiends thet [gler tum into oper tors - on wally Come th 3 
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Eel ae - then L quvess it's clear that é Ck) is the aah 
opeva tor , dud thet it adds every wll), but Kk ale looks to, we like an 
index — it isn€ yet cleay tht “2 Cle) adds moretum Ky or -K, Se 
the switch fiom C (ts, ¢) to aA” Ce, t) ews tyivial - just a slott 
th notation, But you dont tet xt tht way — rather , you take + as 
elaine that Cs) will add Wo mentuna a ak = k to the fied | aud ye 
avgve for which oue it is, 

Now: widens tant wht wo js % ie Cuaryy to a CAaveaaly 
harmowe oscillator, Lt id what Re is to ais a bc seerar Keen vO The 
oWwent Ulm K is padded Xo the Fel) ae to thet oleject Whage Various States 
are expressed by the Hilbert space. Bot £ oxl vidersta,d wht it is to 
add. kK ‘aia dics +. Bie Gels whei, TE hat that the boone ht yl operator 
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publish. 


Well, these are just a couple of points glancing through the 
manuscript. I shall settle down to a careful read soon, as I have 
said. I thank God you are around and trying to spread these ideas 
around, and wake philosophers of quantum theory up to the fact that 
in 50 years no-one has touched the central theory of fundamental 
physics, up to superstring theory at any rate (I wonder how many 
centuries before philosphers get round to that! Except for Bob 
Weingard, that is). It’s funny, right through from antiquity 
philosphy and physics have kept contact, right up to the late 20’s, 
lagging only a decade at most behind the developments of physics. 
Just think of it; Locke, Whewell, Mach, Poincare, Reichenbach - 
philosophers or phil/phys right on the mark. But not a thing since. 
Well, I suppose there was Hanson with his book on the positron (a 
bad job); and Nancy Cartwright makes some mileage out of lasers. 
But basically the last 50 years of physics might not have happened 
for all philosophers care. The point being, it’s getting late to 
catch up. So as I say, all credit to you for getting this book out, 
and this sort of book as well. 


By the way, yes I fave been here this year; an amazing 
experience. Totally screwed up, of course, but you fall in love 
with it all the same. Not just Israel - it’s the whole Middle East. 
The landscape, I suppose, its riviting, constantly breathtaking - 
but there’s something else as well, something to do with Islam, the 
strangeness and mystery of the people. Israel of course being 
something yet again. I love it and hate it; admire it and condemn 
it. You can’t separate the politics and the constant threat of war, 
the chauvinism, the religious fundamentalism (Jewish, that is), 
from Israel as it is, or even from the Jewish character; but I 
shouldn’t presume to tell you about it, I’m sure you’ve been here. 
One thing: the arab states are full of fear, full of deprivation; 
that’s what I’ve seen - not because of the Israeli threat or 
anything, because of what they are. 


Well, did you get offered the job at Davis? Did you take it? 
I rather think the answer to both is yes... congratulations if so. 
Funny to think we were in competition for it. I liked it very much, 
and do give my regards to Michael Wedin and Richard Healey. I would 
have been much happier there, I think, but the trouble with Harvard 
- where I’ve ended up - is that you feel like a coward not to take 
a job there if offered. At least that’s what I felt. And now of 
course I’m dead nervous about it. 


So, any letters in future —- please mail to the Department of 


Philosophy, Emerson Hall, Harvard, Cambridge, Mass. 02138; I’11 be 
there from September. Anytime you are in Boston please look me up. 
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THE HEBREW UNIVERSITY OF JERUSALEM 


Sidney M. Edelstein Center PoOWsIN. 2 NPD tM 


for the History and Philosophy of Sy nraroinod) nD ONy 
Science, Technology and Medicine Satonks SAGA wien 
29/7/90 
Dear Paul 
I only recently got your manuscript - for which many thanks. 


I am looking forward to reading it with keen interest. It came a 
little circuitously, hence the delay, but I shall be starting work 
on it pretty soon, or at least that is my plan. Looking over it, it 
seems a very good job. But I can see immediately substantial points 
of difference with how I would develop the theory - of course, how 
could it be different? A couple of points which are strictly 
technical, though: first, the way you reinterpret the negative 
energy states in the field theory - when you analyze the -real KG 
field, I do think you should. say that the (q-number) amplitude 
for what (in the l-particle theory) were negative energy states 
must be a creation operator because it must be the adjoint of the 
amplitude for the positive energy states (which is an 
annihilation operator) ~- this all because the sum of the two must 
be self-adjoint. This reasoning doesn’t apply in the complex case, 
and I realize you want a heuristic that is quite general; I don’t 
agree with your heuristic, I think it conceals something more 
important going on, but the way my disagreement leads to (or 
follows from) a simple mathematical argument is right here, and of 
course it is related to the fact that there can be no antiparticles 
for the real field. 


A second point is that you say no-one has discussed the 
relationship of the x-parameter for the Newton-Wigner eigenstates 
with the coordinates for physical space; I think it is true that 
no-one has discussed it in a qualitative and 
heuristic way, but from a technical point of view there is quite a 
lot on this, for example in Fonda and Ghirrardi’s text book, 
Symmetry Principles in Quantum Physics, 1970, Marcel Deker, New 
York, or in Varadarajan’s 2nd Volume of The Geometry of Quantum 
Theory, 1970, or Wightman’s paper "Localizability of Quantum 
Mechanical Systems", Rev. Mod. Phys., 34, 845-72. All of these give 
the precise theory, and are pretty mathematical. Then of 
course there is the treatment in Foldy and Wouthuysen, for a more 
hueristic account, in the case of spin 1/2. 


I have quite a lot on this in my thesis; I hope to write it 
up for publication soon. I think the issue is fundamental. Some of 
it is in "Locality, imaginary numbers, the Bell inequality and 
relativistic quantum field theory"’ which I’ve submitted to 
Foundations of Physics. I don’t know yet whether they’re going to 
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2151 Hartrey 
Evanston, IL 60201 
May 10, 1990 


Dear Alex, 


This time it is my turn to take so long to get back to you. 
No, I was not the referee for your complementarity paper. But I 
profited from rereading it, so thanks for the reprint. 


I have a dim memory of having already expressed the 
following idea (hope) to you. But now, with my manuscript 
complete, perhaps there is a small amount further foundation for 
it. The thought is that by eliminating the individuatability of 
"particles" - let's call them quanta - we reduce the gap between 
field and "particle" concepts, which cicumstance, I am hoping, 
will go some way towards resolving the strain between the field 
and particle concepts which you describe so clearly in the 
context of GTR. Whether, or what kind, of "particles" one sees 
depends on ones state of motion. With the particle concept this 
seem just not to make any sense. If the blighters or 
individuatable, there being an absolute difference between "this 
one" and "that one", then they would have to be there or not, in 
an observer independent way. But once we let go of the 
individuatability, we can think of quanta as something we 
"measure", rather than count, even though the measure must be 
quantized. Then it is no longer so outrageous that what we see 
when we "measure" an "amount" of quanta should be detector 
dependent. 


Here is another way of expressing what I think is the same 
thought. You comment (p., 575-6) that in the conventional 
understanding of QM there is some kind of observer dependence of 
properties, but not of whether or not there is a micro object or 
not. I claim that this gap between properties and "substance" 
lies in that aspect of our idea of substance which invovles what 
I call individuatabiliy (Transcendental individuality, primitive 
thisness, hacceity, etc). Let go of this interpretive element, 
(which is terribly obscure anyway!) and we can treat the question 
of what is present in the same kind of way in which we treat the 
properties of what is present. 


Now it is my turn to unload on you. Here is a copy of the 
manuscript resulting from my book project. Much of this will be 
old hat ot you, but hopefully some of even the old hat you will 
find presented in in helpfully new ways. If you get a chance to 
look at it, be sure to send me any comments that come to mind. 


At the end of the summer I will be moving to Davis where I 
will be joining the philosophy department. So put me down for a 
new mailing address as of September 1: 


oe 


‘Department of Philosaophy 
University of California at Davis 
Davis, CA 95616 


Do keep in touch, and in particular, send me things you are 
working on! 


2407 Elendil Lane 
Davis, CA 95616 
November 13, 1990 


Dear Bob, 


I'm still trying to get myself settled here in Davis and so 
have not yet seriously gotten back to work on my book manuscript. 
But I have read your comments and thought about them a little. I 
will be thinking about them much more carefully when I finally 
get to doing the final draft. But here are my interim reactions. 


Starting with your shorter more recent letter, I see what 
you mean about following the route you sumarrize to get a 
description of the quantum field in terms of states of the 
overall system. Why then all this fuss about "operator valued 
fields"? It's simply because many people out there (e.g., 
Redhead) seem to think of the "quamtum field" in this misleading 
and confusing way. So I set out to set that confusion straight, 
and doing that necessitated the aiscussion of determinables, 
field configurations, and the like. Apparently this is not a 
confusion you have ever been seriously tempted by. So you will 
not take much interest in this chapter. 


Indeed, I felt uncomfortable about having said too little 
about why description of the interaction takes the form that it 
does. I apprecaite your wondeful summary. Can you give me 
references where I can read in greater detail about the intimate 
relation among gauge symmetry, charge conservation, and the form 
of the interaction, both so I can digest it more clearly, and to 
serve as a reference? 


Turning to your earlier and longer letter, for this one I 
even more need to think about what you say in much more detail. 
But, again, here are some first reactions. Possibly you will 
have some simple things to say about some of them which might 
keep me from chasing up blind alleys. 


You urge a different presentation of quartization, finding 
fault with the approach through an analysis into normal modes. 
First of all, don't forget that I also don't favor that approach! 
I want to start with the idea of non-individuatable quanta 
{chapters 1 and 2) and then use the quantum mechanics for 
indvidual quanta to get out the conventional formalism. I do 
this in sections 1-4 of chapter 3. Then, starting in section 5 I 
present conventional ways of quantization to show how one gets to 
the same thing which I came up with in section 1-4. I start with 
the approach through normal mode analysis, both because it is 
frequently used, and because, I have the impression, it was 
historically important. I do brielfy mention the approach you 
prefer. We disagree only in that I claimed that it really 


ws 


applies only to quantization of real valued fields, while you 
claim that it is perfectly general. I claimed vestricted 
applicability only on the grounds that the proceedure invovles 
thinking of the q as "coordinates", which would seem to require 
them to be real valued. Is your position simply this: why not 
generalize further and let these "coordinates" be complex valued? 
I don't see anything wrong with such a stance. But it would be 
nice if one could say something more. Alsok, Redhead claims that 
the two approach, where both applicable, are stricly equivalent. 
Do you agree? And if so, do you still feel strongly that one is 
preferable to the other? 


Turning to the issue of how to treat the negative energy 
solutions on the approach you describe, k is interpreted, without 
argument oF motivation, as the momentum energy for vector. This 
licences k* = m“, which in turn licences the negative roots. At 
this point I'm not seeing the preferability of this, to citing 
the negative frequency solutions to the harmonic oscillator 
equation. The interpretation of k seems ad hoc. Perhaps there 
is more you can say about this. You also worry about how my line 
of thought will apply to the Dirac equation, since the Dirac 
equation is first order. But when we remember that the Dirac 
eugation comes about as a clever factorization of the second 
order equation, the apperance of a negative root is no longer 
mysterious (a point I didn't make in the manuscript, and probably 
should). 


Here is another way to put my reaction. You complain that 
working in terms of normal modes obscures what is really going on 
~ that I'm obscuring the fact that the origin of the negative 
frequency components is due to the invariant separation of the 
k's into the upper and lower light cones. But at this point I am 
finding the approach you prefer no less obscure - the 
"information" has been smuggled in by interpreting kK as the e-m 
4-vector, to be treated relativistically. Of course you then get 
two roots, but the question now becomes: why interprete k in that 
way? I'm not seeing the advantage. 


At this point I don't understand the Cassemir effect nearly 
well enough to respond to the last part of your letter. I'm 
going to have to digest it much more thorougly and go back to do 
some more learning. The example you wrote out for me will be 
very helpful when I do that, and I can't tell you how much I 
appreciate your having taken the trouble. 


What ever little I have accomplished in putting together my 
little book comes from a number of you working with me at great 
length helping me to understand this material more clearly. So, 
in every respect, I appreciate your efforts. If there is anyting 
quick and obvious to say in response to these preliminay 
thoughts, do let me know. Otherwise I'll get back to in a few 
months when I have thought about all of this much more carefully. 
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4341 Squire Drive, Apt. H 
South Bend, IN 46637 
15 September i990 


Dear Paul, 


Thank you very much for sending your manuscript —— quite a 
long time ago -- which I read with great interest. Catherine 
and I are spending the Fall semster (September to December) at 
Notre Dame, although only she has a job heré. I had hoped to 
see you in Chicago sometime -- so I was a little disappointed 
when I learnt that you were going to leave Chicago for Davis. 
Anyway, I hope the change of departments does not interfere with 
your role as chairman of the PSA colloqium where I am supposed 


to give my paper. I am looking forward to meeting you in 
Minneapolis. 
ta 
af I still don't see how giving up on individudlbility of quanta 
can accomodate the observer-dependency of numbers of quanta, or, 
the observer-dependency of the vacuum state. This case is 


different from the case of states with unsharp numbers of quanta 
that yuu discuss and that your recipe seems to treat 

sucevt wevul ly. We know that the vacuum state in flat Q@FT is (Cand 
must iis) unique; there are no alternatives. Obviously, 
remuving individuatability from the concept of quanta does not 
help with situations where there are no quanta (for a specific 
observer). 

You mention on p. 42f. that one of the reasons why the 
harmonic oscillator interpretation is not an ideal starting 
point is the fact that, in general, there are no harmonic 
oscillators in non-Minkowskian spacetimes. But if you really 
regard this as a serious problem you shouldn't try to go inté 
the “reverse direction" and build up Fock space from one—quantum 
Hilbert spaces. This "alternative" suffers from exactly the 
same;,difficulty: in non-Minkowskian spacetimes there is, in 
general at least, no Fock space construction that all 
(geodescic) observers agree upon (cf. for instance, Saunders' 
article in Brown/Harre, p. i166). 


Thus, if we really want "our theories... to have as great a 
generality as possible", we should probably abandon Fock space 
and embrace the algebraic approach to QFT. I hate to say this 


because I have such a poor understanding of this whole affair; 
and because it will make the task of the interpreter even more 
difficult. But I don't see how to avoid this conclusion. We 
should probably not base our interpretations on a formalism that 
proves more and more insufficient (insufficient in foundational 
research ~—-— not, of course, in applications to experimental 
problems). As Saunders points out, correctly in my view, the 
real advances that are to be expected in tackling the 
Measurement problem will probably come from the algebraists. 

And most of the recent work in Q@FT in curved space is done in 


le 
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the algebraic fashion; cf., for instance, B.S. Kay, "QFT in 
Curved Spacetime." In: K. Bleuler et. al. (eds), Differential 
Geometrical Methods in Theoretical Physics. Boston 19868, 
SrS=93. —- Haag's theorem which you mention as an 
interpretative problem for future work may be much more central 
to your enterprise than it seems at first sight. 

I think you could easily insert a paragraph that addresses 
this problem and go on with the remark that your construction is 
valid for some chosen observer. 


In reading the book I had the feeling that some more general 
remarks about the strategy of your argument, about what you are 
about to do in this chapter, for instance, would be helpful. 
This would be important in particular for readers who already 
have some knowledge of the usual textbook presentations of QFT; 
and I guess this group of readers will be your main audience. 
Thus, for instance, what you say in the conclusion to chapter 2 


‘(p. 66) would have helped me a great deal if I had read it in 


the introductory paragraphs of the chapter. I understand that 
you tried to give some information about the relation of your 
approach to the traditional one on pp. 40-44. But somehow I 
couldn't really do much with this information before I had read 
the whole chapter. Therefore, an overview in the style of p. 66 
would be helpful in these early pages. 


I see that your way of building up the QFT formalism helps 
to keep classical fields and so-called quantum fields 
conceptually separate. (I like the discussion of fields on pp. 
108ff. very much.) But there seems to me to be an important 
link between the concepts that you might emphasize more. What 
we are dealing with in the case of fields (classical or quantum) 
are systems with infinitely many degrees of freedom (this is, of 
course, implied when you talk about field theories attaching 
properties to spacetime points). / This inflation of degrees of 
freedom has quite drastic consequences for the Hilbert spaces 
that we use to describe these systems; we get, for instance, 
super selection rules. I always found this emergence of 
exceptions to the superposition principle in QFT very 
impressive. Maybe it's only a matter of taste, but this feature 
of QFT is so different from what we know in Quantum Mechanics 
that I think an interpretive treatment of the theory should 


mention it. 


ps t21s Why can't we think of determinables -—- just as of 
operators -—- as mathematical entities? For instance, a 
determinable could be a function from objects into values of 
properties. What's wrong with this view? 

p.i38: The argument for normal ordering doesn't seem quite 
convincing. You say that "the need for normal ordering... arose 


in the context of a discussion introducing the interaction 
Hamiltonian..." Because, in this discussion, we didn't have the 
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finished theory -- we are about to set it up by "guessing" —-— 
there is here no question of violating logic. But the need for 
normal ordering —-- and that distinguishes it from the need for 
renormalization -- arises in the case of free fields as well; 

in fact, there it arose historically for the first time. In the 
free field case, however, your argument doesn't hold: Here we 


have the theory and we want to start calculating. 

On the other hand, I don't really understand why you 
couldn't make the same argument in favor of renormalization. 
Why not say: Only after we introduce renormalized quantities in 
the Hamiltonian do we have the correct theory; before we do 
that we are still guessing to find the right Hamiltonian? 


p.1i58: Bethe's original calculation of the Lamb shift was 
not only shockingly loose in the eyes of "some non-physicists" 
but in fact it seemed shocking to many physicists at the time: 
"Everybody was furious because Bethe had done it in an 
absolutely lowbrow dirty kind of way, and everyone knew, of 
course, that he had to be right." (This is Abraham Pais' 
recollection in L.M. Brown/L. Hoddeson (eds), The Birth of 
Particle Physics. Cambridge 1983, 276. ) 


In my copy of the typescript I have corrected the typos that 
I found. Since there are many of them, I could either send you 
my copy back or bring it to the PSA meeting if that kind of 
information is still useful to you. Let me know. 


I am very much looking forward to meeting you in October. 
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12) Feynman talks about particles taking all paths from 


start to finish. Somewhere, Faynman comments that thinking 
this way resolved for him the question of how the particles 
knows “which way to go" Tim takes this as evidence that 


with at least one hat on, Feynman thinks of this 
realistically . He can't ramember the reference, but 


thought it wan's either QED or Laws 


13) Parts: I ses two formal differance between mereological 
parts and analytic parts (vector components) To gat an 
analogy going one neads to analogize disjoint parts with 
components along orthogonal axes. Otherwise one gets into 
trouble with saying things like going both north and south 
are parts of standing still. Sut then, for a vector in a a 
d space, there cam only be two non overlapping parts. and 
with merological parts one can get into parts of parts, but 
this goes wrong for vectors. 

A second difference is that a mereological part has its 


part. Not so for analytic parts. Tim comments: Sut quantum 
systems don't have exact trajectories. I comment: Sut thay 


do have s~t tubes of "fuzzy position" 
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11) Is the peverse reading really parvers? Tim comments that 
for tangent vectors in a tangent space there is only 
comparison given a connection, and then only along a curve. 
So we really do assign different quantities to each of the 
s-t points. More generally, whenever there is a gauges 
freedom, since the gauage can be get locally, we again have 
a different quantity at each point. Remember that we can 
set the gauge locally and compensate with the gauge field. 
He agrees that for scalar fields the "peverse" reading is 
peverse. But what all this shows is that this issue already 
comes up in classical theory ~ it's not new with the issue 
of the quantum f4eld. This at least needs , first of ail, 
to be acknowledged. Then, it compromises the arguemnt as 
stated. Since we already know from the classical case that 
some fields have this perhaps unexpected aspect, it can't be 
straightforwardly a reason for not taking operators assigned 
to s~t points to be values of a quantity. 


10) Tim found my “two kinds of space" unclear. He 
recommends instead talking about what it is for a particle 
to have a position. This may be more complicated than 
trivial assignment of a value of the st parameter. 
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‘Well, the situation which I had got inte now was that I was dealing with 
these new variables, the quantum variables, and they seemed to mae to be some 
very mysterious physical quantities, and I invented a new word to describe @ 
them. I called them gnumbers, and the ordinary variables of mathematics © 


I called o-numbers, to distinguish them. The letter q stands for quantum, or , aii 
quect\maybefgveet) and the letter o stands for olassical or maybe Then Prreet, 


proceeded to build up a theory of these g-numbers; o-numbers can be looked itd 
on just aaa special case of g-numbers, having the property that they oommute Aeahrak 
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T) Reference on discussions of heicceitiaes: 
Armstrong, Combinatorial theory of possibility. A 
strong and week notion of hecesity, only of of which 
bear logically on PII. ~ See chapter 4 


Lewis, in Plurality of worlds ~ a section against 
heccitias. 


8) In arguing the relation of hacities and superposition: in 
individuating two particles, I say that the number~labels 
create puzzles about superposition. Tim comments that the 
Tabels can’t bse simply dropped cold ~ tn say, treatment of 
the singlet state in fock space, one will haves to replace 
the number lables with individuating properties, like right 
and left. 


9) More on heceities: Hecceities do many Jobs which need to 
be separated and sorted out. Tim comments that his notion 
of haccities is one concerning that which can be freely 
combined with properties. He takes this to be a stonger 
notion than mins, which has to do with labeling. In 
addition Tim idantiffes thras different ways in which one 
can think of heceities: 

1) A principle having to do with reassigning properties 

oa 

2) A principle having to do with reidentification in 

possible worlds. 

3) A principle having to do with counting. 
Tim also comments that meaauring Cin my sense) won't support 
diachronic individuation. When wea have TWO trajectories, 
with ratdentification of parts of the trajectories, wa have 
something stronger than "two" without such reidentification. 
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individuality. This fits quite well with the analogy of waves offered on p. 33. Waves don't 
always have diachronic individuality: when they interact, questions of identity with the 
incoming waves is moot. But waves sometimes have such individuality (when there is no 
interaction). Similarly, a single quantum particle, like a electron, seems to be 
individuatable when not interacting with others (think of an electron in a Penfield trap). 
lt is notable that the question of statistics only arises in states of equilibrium, i.e. in 
States that are the product of extensive interaction. If identical quantum particles do not 
maintain individuality through time when interacting, the appropriateness of Fermi or 
Bose statistics may be vindicated. 

V It is worthy of some consideration that David Bohm's interpretation of quantum 
theory is capable of recovering Fermi and Bose statistics even though Bohm postulates 
classical particles, particles which have definite positions at all times and follow 
definite trajectories. Thus the classical notion of a particle can be reconciled entirely 
with all characteristically quantum mechanical phenomena. In the case of Statistics, this 
is done by denying the equiprobability of distinct states, and the equiprobability fail to 
hod because of the non-local quantum potential. A Bohmian QFT can similarly predict all 
quantum effects while postulating the existence of a perfectly definite field configuration 
at all times. 

In any case, the attempt to foist LT! on classical metaphysics is both ill supported and 
unneeded. The important point is that LT! is implied by the tensor product formalism. 


Yp. 9, |. 11 "be". First paragraph: LTI is not needed for labeling of particle to make sense 
as the classical case shows. All | need to do is attach labels at a time and the diachronic 
continuity will carry them forward. Second paragraph: the denial of the Pil does not 

oe” commit one to LTI. The relevant attributes for the Pll are taken to be purely qualitative. 

«gt fe uw | may hold that individuals are individuated by particular relations fo other individuais, 
and hence by non-qualitative properties. | can maintain that Black's two spheres are two 

vee ui hoe but deny that exchange of them through al! time would result in a distinct situation. 
Further, the fact that an entity's individuality is not fixed by its qualitative attributes 


wil \ foes not imply that itis independent of those attributes, as the gloss suggests. 
10- Note the “admit of reidentification" of para. 2- this is just diachronic 
individuality. 


vp. 11- Again, | deny that classical physics must admit the possibility mentioned in para. 
2. We don't need more than “ersatz LTI". 
Vp.12, |.1- "bare"; last para.- again, "particle" does not carry connotations of LTI; 
2b-"properties represented by". 
ne Wid “p. 14, |. 3b- "represented" 


\G« a Ney. p. 15, bottom to top of p. 16: please provide an example of the “different statistical 
Ver” we oe” predictions" mentioned. Further, more support must be given to the claim that LTPHSF 
er oe Hf describes too many states: this really requires the close discussion of surplus structure. 
U gt er .16, 1.2- "supposed"; |. 3b "exhaustive"; bottom of page- some justification for the 

os ‘A equiprobability assumption is needed. This is, in general, a difficult issue, and is just 


lided over here. Clearly this whole discussion depends on it. 


pote yO —sMon'H, 20, |. 3- "exemplified"; |. 6b- "roundabout" 
wv. WS ar . 21, 1.3 -"compromises"; |. 8 - "restriction" 
ia? ale . 22- the idea that if two particles have identical intrinsic properties then all 
owe” in), & | observable must be symmetric under label exchange is problematic. Suppose | have an 
ve ne a electron in a box here and another in a box on the moon. Then the, observable according to 
yet rT which the one here has property A and the one on the moon has property B is 
ee , : distinguishable from the one where the particle here has B and the other has A. This is so 
pie? even though they are intrinsically identical. This of course breaks down if the two 
a \ vs particles interact. Perhaps you mean to argue that | cannot know whether the one | put 
oe ‘o, into the box here is the same one that comes out of the box here- but at least prima facie 
3 ma ; «te a this seems to be something | can know in some cases. 
win Se 
wc tty 
Piet 


*p. 24, |. 11- "other words" 
p. 27, |. 6b- "contains" 
p. 28, |. 8- “symmetric”; bottom of page- the example of the black hole does not seem to 


Myo") be one of Surplus structure. If there are no black holes, or if black holes are not 
aust \2 g* _ Physical possibilities, then the GTR is just false (breaks down at some point). For the 
ypu yn! s)|' conditions that lead to the formation of black holes according to the theory are surely 


eo Ed wi” physically possible. So if nothing physically possible corresponds to the mathematical 
al ott i singularities, the theory is just wrong. 
no Vp. 30, |. 11- "labels" 

A ¥p. 31, 1.7b- "structure"; the mention of Fock space here deserves at least a footnote. The 
reader who has taken up the book to /earn QFT will be shocked to find that a previous 
familiarity with the theory is presupposed. One should be reassured that the formalism 

Pil be explained in the next chapter. 
t “P. 34, p. 8- "labels" 

. We Vp. 35, 1. 12+ "characteristics"; second para.- the appeal to the commutation relations 
fet here deserves some comment. The Hilbert space proponent may say: "My theory is fine. 
4 It is part of the theory that one does not have non-symmetric states as representatives of 
iw reality." To this your response seems to be that one must justify such exclusions. One 
wants to see what the formalism says about the ontology, and bare exclusions need 
interpretation. But if we ask how the Fock space formalism manages to ensure the right 
(te hi jo the Symmetry properties, the answer seems to be: through the imposition of commutators or 
esl 1 ge*d — anti-commutators. Similarly, the statistics are derived from this. So it seems 
3 a on appropriate to ask what ontological significance the commutation relations have. Where 
apne # do they come from? What do they tell us about the nature of the items in the theory? 
a Otherwise, they look like another arbitrary restriction on the theory, one put in by hand 
to get the right numbers. If so, the advantage of Fock space over the simple exclusion of 

non-symmetric state in LTPHSF is obscure. 
Vv p. 37 "we can't make sense of the idea of particles with LTI superimposing to give the 
Ae" needed (anti)symmetric states". | don't see what kind of “sense” is required here, and 


ag what LTI has to do with it. Superposition is a characteristic quantum phenomenon that 
Cget \o* appears even when only one particle is at issue. Think of the two-slit experiment. in 
yt ~ - » some way, this is hard to make sense of, but LT! is no part of the problem. In general, 
the claim 4s repeated that superposition is somehow more comprehensible if we give up 
4 LTI but the connection is never really made. 
1 A P- 38- given the comments above on the importance of commutation relations in this 
net : tty wi! formalism and the lack of any ontological interpretation of them, the admissions on this 
wet page are welcome. But the promise that "We will return to this issue on a future 
ey occasion" is not fulfilled in this book (I think). Some discussion would be welcome. 
[act 
C e 
be alt. Chapter 2 
- Pp. 42, |. 4b- "exploiting". General comment on the harmonic oscillator analysis: | don't 


D145, think that the quantization of the electromagnetic field via a normal mode analysis is 


phi ticen Fi given a sufficiently clear or sympathetic presentation. One can give a general recipe for 
fs) we "quantizing a classical theory: analyze the classical system as having a certain number of 
jefe ov” A independent degrges of freedom; write down the conjugate momenta corresponding to 


reltres?, leg a those degrees of freedom; associate operators with these canonical positions and 
inthe | of te momenta; impose commutation relations on the operators. From this point of view, the 
i seri sch normal mode analysis of the electro-magnetic field is quite natural. What are the degrees 


text : wv tn te of freedom of a classical field? One might be tempted to take the field value at each point 
cease! t av as an independent degree of freedom, but this is incorrect if there are continuity 
beer om constraints on the field. All continuous field configurations get a unique Fourier 
a4 Pe analysis, and the normal modes are independent degrees of freedom. Note that when using 
? 4) box normalization, switching from the field-values-at-a-point to the normal modes 


goes from an non-denumerable set of variables to a denumerable set. This indicates how 
continuity imposes constraints on the field values. Thus the harmonic-oscillator 
analysis in terms of normal modes is an almost inescapable consequence of regarding the 
object to be analyzes as a continuous field.In any case, it may be more convenient than 
using the field values at each point as the degrees of freedom of the system. This of course 
does not suggest reifying the normal modes into vibrations of some entity. | will have 
purther comments on this in reference to chapter 5. 
p. 43, top- what exactly is the “privileged role" of the momentum basis? Why wouldn't 
the conjugate momenta associated with any set of independent degrees of freedom work as 
well? This should be explained. Also, "privileged" is misspelled. 
Vp. 44, |. 7- "lowering" 
Vp, 26, |. 11 et passim- “one-quantum” rather than “one quantum"?; |. 12 "dispersed" 
Vp. 48, |. 7-"additive" 
bp. 49. |. 12b, 10b, 7b- "additive"; |. 4b-close parenthesis is needed. 
bp. 53, |. 7-"Bosons” 
Yp. 57, 1. 1- Should some remarks concerning the uniqueness of the vacuum be given?; 
l.11- the parenthesis here is never closed. 
vP- 62, |.6- "mathematics"; |. 1b- "particle" 
p. 63, |. 11b-"eigenvalue” 
o| "EP. 64, bottom para.- The claim that the claim that in QM position is an operator while in 
- we QFT it is a parameter is misleading is misleading (sorry). That is, there seems to me to 
uf P «~*)' be a very good reason to make exactly this distinction, a reason which is not brought out 
wy, # in this discussion. This issue is rather important, and | will likely return to it later. 
wow yt? 4A In QM the position variable is really a degree of freedom of the system. That is, 
co! 5 <i vw position is always position of a particle (in labeled Hilbert space) or position of some 
\s ne. oe quantum or other in Fock space. This distinction is easily missed if one focuses on the 
nae S19 ACH + one-particle QM, but is clear in two-particle QM: there there are six position 
yiete ” i eh ,, Operators, three for each particle. This is reflected in the familiar fact that the wave- 
y (4 1" \w function is a function on configuration space, not on physical space. In the one-particle 
Ce case, the configuration space ofthe system is isomorphic to physical space, so the 
go ‘A distinction can be easily overlooked. This whole discussion does not seem to make this 
s+ Zb2"4 “important distinction. 


gis 
4 \l yA { 


oe nar te The importance of configuration space in QM also raises a different means of approach’ 
pid yw wt ow to some of the questions addressed in chapter 1. If a system contains identical particles, 
oy Abt especially particles which fail to have diachronic individuality, what exactly is the 
mk ' we configuration space of the system? | think the point about labeled Hilbert space might be 
re? cor av usefully illuminated in this way. If the configuration space of a system with identical 
9" |9? oh particles is smaller than that of a similar system without identical particles (due to the 
<\\ a A, indistinguishability of some of the states)\then use of the larger configuration space may 
vw" val por be the source of surplus structure. Since the wave function fives in configuration space, 
o* yo” this is a very natural question to ask. It may make contact with the interpretive issues of 
srk chapter 1 in a more direct way than discussing LTI. 


In QM one can ask questions like- Where is particle A (suppose A to be the only 
particle of a given kind)? The fact that this can get different answers reflects the fact 
that the position of particle’A is a degree of freedom of the system. Since particle A may 
not have a definite position, we associate an operator with this degree of freedom. On the 
other hand, in QFT on does not ask any experimental questions of the form Where is x? 
Rather, one asks questions like "What is the value of the field at’ space-time location x? 
The location is thus not a degree of freedom, the field value at a location is. Here the 
locations are in physical space. There are no operators for the location of anything, only 
operators associated with locations, operators for field values or particle numbers, etc. 
Thus space-time location is a parameter in field theory, not an operator. 

There may be some sense in which saying that in QM position is an operator and not a 
parameter in misleading, but the point made above about the degrees of freedom of the 


system, and about the role of configuration space in QM, are essential. It is, | think, a 
serious mistake not to clearly lay out the truth that lies behind the supposedly suspect 
dictum. More anon. 

p. 66, |. 14- "presentation"; 5b- “attractive” & "ontology"; 1b “call”. 


Chapter 3 


2p. 68 first Para.- Are the disclaimers about technical considerations to be ignored 


needed? 

p. 69- | hope that the sense in which QFT associates an operator with each space-time 
point is clear from my above discussion. The degrees of freedom of a field involve 
quantities at a given space-time point which can vary: associated with each of these is an 
operator. This is of course not to say that the operators are “out there" in the world. 
Rather it is to say that a quantum field has a value at a point In space-time in just the 
same sense as a quantum particle has a position. In each case, the classical theory always 
assigns a definite value while the quantum theory associates an operator which gives 
only expectation values for a given state. |. 5b- "generally" 


vp. 70, |. 2b "where" 
vp. 71, |. 2b “independent” 
Lp. 72, |. 10- "detail"; |. 11 “should”; |. 12- "U*|k,0>; footnote |. 2- “operator” 


Lp. 73, |. 6b- “a” 
Mp. 76, |. 4- “relativistic"; |. 10b- "Alternative" 


Yp. 77, |. 3- “description”; |. 4- "involving"; |. 5 "description"; |. 8- "oscillators"; |. 


: & _-”9- "description"; |. 10 "describing" |. 10b- "interpret"; |. 7 ff.- | don't see that the 


argument for obscurity has been made. | think the gloss given above is pretty clear. 


Uyp. 78 top para.- there has been a notion creeping in that there is some problem about 


superposition in the traditional approach to QFT or many-particle QM which is resolved 
by the acceptance of quanta as non-individuatable, an issue quite different from that of 
surplus structure. | don't see the connection. Superposition is an archetypal quantum 
effect, one for which there is*no classical analog. The problem of interpreting 
superposition arises quite independently of any problem about individuating particles: 
think of the two-slit experiment when only one particle is involved. There is no formal 
problem with superposing states in the same Hilbert space in LTPHSF. There is a 
problem in superposing states of different particle numbers, but there is a more 
obvious problem of evolving into states with different particle numbers. If there is more 
than a formal problem, i.e. an interpretational question about the meaning of 
superposition, then | don't see how giving up individuatability helps us solving it. If 
there is only a formal problem of having states with different particle numbers in the 
same Hilbert space, again | don't see how the renunciation of individuatability is the key 
to solving this. |. 4- "freed"; |. 7- "alternative" 

second para.- It is pleasing rhetorically to see the elimination of individuatability 
from the classical conception of particle as giving us a mid-ground between wave and 
particle. But 1) as argued above, if the property in question is LTI, classical particles 
don't need it. 2) if the property in question is diachronic individuality, why isn't what is 
left just a classical wave, which, as you yourself state, does not always have diachronic 
identity? What is -left of the classical particle? |. Sb- “approach" 


7p. 79, |. 6b- “quantizes"; |. 4b- "numerically"; last line- quantum waves are nol 


complex valued functions of space and time, they are complex valued functions on 
configuration space. As noted above, this confusion is hard to avoid in the one-particle 
case, but the distinction is essential. Also in last line-"complex". 

p. 81, middle para.- | can't follow the reasoning about why the heuristic can't be given a 
rigorous reinterpretation in QFT. Bottom of page following- see note above on the 
"myth". 1. 11- "equations"; |. 14 “substitution”. 


Vp. 83, |. 2b- "Schrodinger" 


Avert p. 84, |. 4- "seems"; The tenor of the discussion of positive and negative energy 
» A (a SOlutions that follows here uses a heuristic: negative energy solutions are not avoidable 
Aeon ur 2" if the basic field equation (such as the Klein-Gordon equation) is quadratic in time. 


1 te a Although the heuristic is tempting , it is limited and perhaps does not give the best 
a“ “a rrr explanation of the origin of the terms. It is easy to see that this must be so since the 


wr rom negative energies also appear from the first-order Dirac equation. Further, if the 
“_ solutions were mere artifacts (as in the "Annie is half as old as the square of her age 10 


Wa “ler * ,« time-like momentum four-vectors. one then gets the usual analysis into positive and 
pKa SFY negative frequency/energy equations by a change of the integration parameter on the 
at katt negative frequency part. It is important to approach the question this way so that one can 


see the necessity of the negative frequency solutions: without them we don’t have a 
complete basis for decomposing the field. 
p. 85, I. 7b- "positive"; footnote |. 1- "frequency"; |. 6- “treatment”. The 
interpretation of id/dt as the energy operator needs some justification. The Hamiltonian 
is the generator of infinitesimal time translations, but is not always the energy operator 
vot the system. 
p. 86, |. 11b- "Gordon", "inner" 
Vp. 87, |. 1b- “matrices” 
p- 90, |. 10b- "Hamiltonian" 
p. 91, I. 2- "satisfying"; |. 5b- You don!t want Psi to be an operator, do you?, |. 2b- 
“reinterpreted” 
Vp. 92, I. 15- "frequency" 
Vp. 93, |. 15b-"particle"; 12b- "frequency"; 6b- "momentum"; 2b- "tantamount" 
vp. 94, |. 1- "positive"; |. 8- "corresponding"; |. 3b- "Ultimately" 
ud kp, 96, |. 3- “presentations”; |. 5- "quantization"; |. 7- "solutions"; |. 6b- “valued”. 
=. : Comments on this last paragraph and following- this is what | was waiting for all along. 
I” .IMY he Two questions. First- why is this only valid for a real-valued field? Second- why use 
g ite (ot: yer) “position” in scare quotes as opposed to, e.g., “degree of freedom"? In general, as is 
tel ch obvious, | don't think that the power of this approach to understanding QFT has been 
. res \ ae given adequate attention. This gives us a formally exact analogy between the transition 
plea do -»,) “from classital mechanics to quantum mechanics and the move from classical field theory 
yatare Aion A fo to QFT. There may be puzzles about the sense in which a quantized field is really a field, 
i r lot aco but they are exact analogs to the question of the sense in which a quantized particle is a 
Ney particle. The comment on bottom of p. 97 about how this line of approach is “at best, 
ee a Pa analogical only" is obscure to me. Of course there is no question of material oscillators 
ve ee being subject to quantization. But the purely classical Fourier analysis of a field into 
hte? normal modes is also not a matter of resolving it into material oscillators. The 
X resolution into independent degrees of freedom is exact, and the quantization of these is 
by the usual means. 
vp. 98 |. 2- "parasitic"; |. 6- "thoroughgoing". In this para. | don't know what the cash 
value of “more nearly physical” is. 
vp. 99, I. 2- “quantized”; |. 8- "absence" 
Vp. 100, [. 7- "noteworthy"; |. 14- "positive" 
vp. 101, |. 10b-"positive" 
eer vp. 103, |. 3b- "superposition®. The argument here is a bit obscure to me. If the |x> are 
qe” tly Wg not localized in a Lorentz invariant way and the |x>yw are, why ‘not think that, if reality 
; pur” wt is Lorentz invariant (as it were) then the only true representation of localized states is 
en " [sf via the |x>yyw? | don't see how "two sorts of physical space" get into the analysis- rather 
bre {4 there is only one sort of physical localization. It will, of course, be differently 


le expressed in different bases. Of course, we might just abandon the notion that 


localization is an objective (frame-independent) property of a state- this is not too 
implausible in any case. 
p. 104, |. 7- "reference" 


Chapter 4 
£ p 


vv 

Pe re p. 106- Clearly, the analog of a specific field configuration in classical field theory is 
atu! x G not the set of field operators of quantum field theory, but rather the state upon which 

4 ve jie" the operators operate. Similarly, the analog of the state of a classical particle in 
A quantum mechanics is not the position operators but the state upon which the operators 

_| operate. In classical mechanics, each state of the system specifies the positions of the 
particles, in QM only probabilities are determined by the state. Similarly, in classical 
field theory, the state specifies the exact values of the (spatio-temporally indexed) field 
variables; in QFT the probabilities for these quantities are returned by allowing the 


“. oh 4 associated field operators to act on the state. Again, QFT stands to classical field theory as 
ow ae’ QM stands to classical mechanics. The field operators are not the analogs of the field, 
Va they are the analogs of the classical functions that map the state of the field to definite 

ft quantities for particular field variables. Hence | deny that the operators represent a 
4" o~, } physical quantity in QFT- the quantities are represented by the state. 


vo” ,°] Can represent physical quantities (better- physical degrees of freedom) via the real and 
imaginary parts separately is obscure to me. How could these be measured? 
p. 108, |. 11b- “some” 
fui vp. 109 ff. | would replace “determinable” with “degree of freedom”. In classical theory, 
7 v v* each degree of freedom takes a definite value in all physically possible states; in quantum 
ev “ef jan theory this is not so. The formal representation of a degree of freedom in quantum theory 
« ¥ a Kk yA? is an operator, the representation of the specific state, the analog of a classical field 
a: vo wv’ configuration, is the ket. Thus, again, the main difference is that in quantum states the 
ie on OM yey degrees of freedom are not all assigned definite values. |. 3b- "configurations" 
Ke at” of 4 ai. 111, second para.- there is a funny shift here from ontology to mathematics. Classical 

field theory has mathematical objects that represent physical states. There is then a 
Te pt * mathematical function from states to real numbers that specifies the value of a 
7 9 particular“quantity in a given state. Similarly, QFT has such a function- not to real 
te" kit) ye“ numbers but to probabilities over measurable sets of real numbers. Thus there are 
aD g' clear mathematical analogies. The question of what in reality corresponds to the 
“on ww! at mathematical entities is quite important, but comparing ontology with mathematics in 

yt the two cases is not a fair comparison. 

: “vp. 112, |. 11- “ignore” 
wet DV. 113, |. 11- "picture" 

p. 115- | hope the above presents a reasonably clear alternative to this picture. |. 11b- 

> ry "temporally" 

de p. 116- | don't at all see what is "perverse" about this interpretation of the classical 


a oy 
* haa dnd [zn |. 7- "different"; the second paragraph- the idea that non-self-adjoint operators 


jer 
! 3 \" field. If | understand correctly, the perversity arises because one regards the field not as 
0 out go? the instantiation in various places of one universal property but as the instantiation of 
% sd physical quantities that aré tied to each space-time point. But this is just what classical 


a ye 
oF Eh Oy theory (including GTR) says! Think, for example, of tangent vectors. In the Euclidean 
; wt 0 se 
' Fe A cA “ different points. In the non-Euclidean manifold, however, we see that in general the 
0” Cif Til notion of comparing vectors in the tangent spaces of different points is not well defined. 
{ 

Vv uty Vector-types are confined, as it were, to a tangent space; we can't see vectors al 
16 ut" fe ke“different points as instances of a single universal. Comparison of vectors is only possible 
anti “A ¥ with the addition of a connection, and even then the vectors cannot be compared per se 

R b whl but only as transported along a path. Much more about the nature of gauge theories could 
wr | be said here. |. 5- delete "a"; |. 2b- "breaks" 

r <i | 
U) 


“p. 118, |. 9- “determinable”; |. 11b- "<Phil” 
Up. 119, |. 15- "(1)," 


Chapter 5 
tip. 126, |. 7- “after all" 


a» hice Oy. 128, bottom- To call the perturbation series expansion “wishful thinking" seems » 
aot fhe pot Quite unfair. It is, of course, only useful for small perturbations, but the general method 
w Aa to FV is quite respectable in those cases. | feel that some more tangible results are needed to 
9 ow’ justify the rather dismissive tone here. 
cont Ne tap 129, |. 2- "constructive"; footnote |. 3- "strength" 
od tat * vp. 137, ff. The discussion of "discarding" the vacuum field expectation values suggests 
qe vel that this is just a stop on the way to formulating the correct theory and so the vacuum 
of 7 expectation corresponds to nothing real. However, some physical phenomena, most 
“notably the Casimir effect, appeal to the vacuum expectation. It is not clear that zero 
vacuum expectation is physically correct. 
p. 139, |. 5b- "infinite" 
p. 140, |. 5- "Feynman"; |. 6- "mileage" 
\pP- 145, |. 1b- “walking” 


aryqiel 146, |. 5- "diagrammatic"; |. 7- "diagrammatic"; |. 11"representing" 
pwd Re A or . 147, |. 12b- "description"; | don't really understand the objection to using the terms * 
&*, 1” “creation” and "annihilation". Even if one gives up LTI, the result of the operator acting 


0% ‘ ‘ 
Te * r*? on a state is to yield a state with one more or less quantum, thus creating of annihilating 
a ie —? one. Nor, so far as | can see, does the fact that states can superpose effect this. Thus | find 
glee" the discussion on the next page unconvincing. 
p, 149- One may not want to take the sort of ontology that Feynman associates with his 
A” ist” diagrams seriously, but at least the position can be given a more sympathetic rendering. 
¥ wx Feynman sometimes speaks as if the diagrams really do represent actually evolving 
ve p’ gprocesses, processes that all take place simultaneously and the sum of which yield the 
Mi ee ,f probability amplitudes for observations. These underlying processes would involve 
{ oe creation and annihilation of particles, exchange of mesons, etc. The smooth and 
ws  - deterministic eyolution of the resultant amplitudes is not because there are no such 
*% «creation and annihilation events at the underlying level but because the discontinuities 
4 Ken are washed out when we sum up all the contributions. |. 4b- "do" 
one” Yp. 150, |. 12- "amplitude"; |. 14-"constitutes"; |. 2b- “non-relativistic” 
ws wp. 151 ff.- This discussion of parts is, to me, unconvincing. It seems to me that the 
we Fourier components of a wave are as legitimate parts of it as parts of a table are parts. 
Mn This can only be refuting by providing an analysis of parthood, which is obviously 
qe \ ,lacking. The analogy to burning sugar on p. 152 is out of place: the Fourier components 
ye ao A literally sum to the wave while the combustion products do not make up sugar. It may not 


Y ot ist ” be sufficient that the putative parts sum to the object for parthood, but it is pretty 
Wea oy obviously necessary. 
& The analogy on p. 153 is also unfair. If | ask for an analysis of a wave into Fourier 


ew wd ; 
aye components the result is uniquely determined by the wave, it | ask for a resolution of a 
oof Qa velocity into the sum of a Northerly and Southerly velocity the result is not fixed. In 


Se “a general we may distinguish two sorts of parts of an object: 1) analytical parts- the 
ae result of some unique method of regarding the whole as a sum of parts where the 
decomposition is into orthogonal components. Analysis of vectors into orthogonal 


components satisfies this, as does Fourier analysis. Analysis into non-orthogonal 
components does not. Thus, if we wish to analyze a motion into motion North plus 
something else we should begin by taking the projection of the velocity vector on a North 
pointing unit vector. Your actual velocity cannot, therefore, have as parts Northerly and 
Southerly components. 2) dynamical parts, such as are discussed, where the parts are 
identified via their causes. ‘| don't see any objection to analytical parts as parts- neither 


the sugar nor velocity examples tell against them. Nor is it relevant that a wave can be 
analyzed by resolution into many different sets of waves. | have a top half and a bottom 
half, a right half and a left half. | can be cut up in different ways, but these all yield 
parts of me. This is where a general discussion of mereology is most needed. 


p. 153, |. 6- “putting” 
ae p. 154, middle para.- "No hidden variables" proofs are irrelevant here- the question is 


aw \ in what sense the processes depicted by the Feynman diagrams are thought of as existing. 

yeh According to Feynman they all take place. Thus Feynman would not refrain from saying 

UY ye a vi that the particle passes through slit A or slit B- indeed he would insist that it does both. 

wk yo jos Its Ben teng behavior is a result of the joint effect of all the happenings. |. 7b- 
A ‘ ‘individual" 

Ru RS y p. 155- considerations of how gigantic the superposition of these possible histories in 
¢ Rak the sum-over-histories picture is would not move Feynman. The more the merrier. 
vale" anys Indeed, it is exactly because in some sense every possible history is tried that the view 
(er Y a" is so appealing: no selection principle among histories is needed. The particle doesn't 

one (ls ~ have to know where to go, it goes everywhere possible all at once. Again, you may not 

or? a PK) like the picture, but at least it should be presented in all its glory. Thus the "as if this 
(00 qe As vas not enough" rhetoric would not faze Feynman. |. 6- "superimposed"; |. 9b- 

a ad "Feynman". 

ye ot ‘j p. 156, |. 6- "an", “represented; |. 7- "density", |. 11- "corresponding" 


p. 157, |. 4b- "catastrophe" 

p. 158, |. 4- "Bethe"; |. 7- "non-relativistic"; |. 8- "Bethe"; |. 12- "Feynman"; I. 8b- 
“psychologists" 

p. 159, I. 11- "suggesting”; |. 8b- "lattices" 


Chapter 6 


V'the only comment | have on this chapter regards the justification of the requirement of 
renormalizability given on pp. 247 (journal pagination) and 255. It is said that a 

4 4, scheme is hopeless if it requires an infinite number of empirically determinable 
+s 6 |. constants. This seems not always to be so. For example, it was once speculated that the 
Ny 1%" + families of quarks would constitute an infinitely ascending hierarchy. There is no reason 


‘ 


\( to assumé:the masses of the quarks would be calculated from first principles. But this is 
Ww cys tur” tho fatal objection to the theory. If each successive family has a smaller effect on 
clo! te a observable phenomena, approximations may be calculated to any desired degree of 
€ w be ec , accuracy. No doubt an infinity of quantities needed to absorb the divergent terms would 
ead. tee not be so benign, but one should explain exactly why this is so. Certainly one cannot 


ail reject the infinity per se since the real infinities approach is accepted as a possible 
ae interpretation of the physics. 


